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SUMMARY
This project was undertaken because of the lack of published 
work comparing the serological and biochemical properties of porcine 
mycoplasmas. Seven strains of JM. hyorhinis were isolated from swine 
lungs and were compared with a number of strains of M. suipneumoniae.
FI. hyorhinis, FI. hyosynoviae and A. oranularum by growth inhibition, 
complement fixation, metabolic inhibition and flat gel polyacrylamide 
electrophoresis*
The analysis of porcine mycoplasmas by flat gel polyacrylamide 
electrophoresis showed that whilst the technique is useful for species 
identification, it is not sufficiently sensitive to differentiate 
between strains of M. hyorhinis and FI. hyosynoviae at the sub-species 
level. However, the flat gel polyacrylamide electrophoresis system 
has the advantage that different protein samples can be examined in 
parallel without the rearrangement of separate gel columns required 
with the tube technique.
The growth inhibition test was found to be species—specific, and 
the well method was found to be more sensitive than the disc technique 
for comparing strains of FI. hyorhinis and for studying FT. suipneumoniae. 
There was a degree of heterogeneity in the growth inhibition results 
with JM. hyorhinis which suggested that there were antigenic differences 
between the 12 F). hyorhinis strains examined.
Complement fixation and metabolic inhibition tests were found to 
be useful for examining FU hyorhinis at the sub-species level although 
some cross-reactions were noted between species using complement 
fixation. Differences were noted between strains of FU hyosynoviae 
using complement fixation, although the differences within M. hyorhinis 
and FI. hyosynoviae were not sufficient for the species to be sub­
divided.
Although the techniques used in this study have shown that the 
20 porcine mycoplasmas can be grouped into species, the different 
tests have not shown agreement in differentiating between the 12 
strains of M* hyorhinist and it is suggested that different antibodies 
are involved in the growth inhibition and metabolic inhibition tests*
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SliJINE MYCOPLASMAS
Several species of mycoplasma have been isolated from pigs. The 
first isolate, M. hyorhinis, was named by Switzer (1953, 1955), who grew 
the organism in embryonated hens* eggs at first, but later used an 
artificial medium consisting essentially of ox-heart infusion broth and 
chicken serum. Later (1963), using the same cell-free medium, Ross,
Switzer and Mare isolated a second species from pigs which was subsequently 
named M. qranularum (Switzer, 1964), and this species has more recently 
been placed in the genus Acholeplasma (Edward and Freundt, 1970). Using 
a modification of this medium, Mare and Switzer (1965) isolated a third 
species. M. hyopneumoniae. Goodwin, Pomeroy and liihittlestone (1965),using 
cell cultures and media similar to that used for growing cell cultures, 
isolated a very fastidious organism from pigs suffering from enzootic pneumonia 
They named this organism M. suipneumoniae, but later showed that it was 
identical to M. hyopneumoniae (Goodwin. Pomeroy and liihittlestone, 1967). 
However, as there is some doubt as to the validity of the name M. hyopneumoniae 
the organism will be referred to as M. suipneumoniae in this study, unless 
specifically referring to Switzers* type strain. (NCTC 10127). In the same 
year, Dinter, Danielsson and Bakos (1965) characterized 6 strains referred 
to as B1 - B6, and 2 further species, named M. hyoarthrinosa and M. hyo­
genitalium were reported by Moore, Redmond and Livingston (1966a and b).
In 1970, Ross and Karmon identified another mycoplasma species which they 
named M* hyosynoviae, and in their work clearly differentiated this organism 
from A.- qranularum. The last report of a new porcine mycoplasma 
(M. flocculare) was by Meyling and Friis (1972).
ThB main interest in these studies centred on attempts to determine 
the aetiology of various swine diseases which were apparently not of 
viral or bacterial aetiology and considerable ambiguity surrounded the 
characterization of certain isolates and their relationship to certain 
disease syndromes. A review of this situation will follow, illustrating
17
its complexity and indicating the lack of studies involving comprehensive 
and careful comparisons between porcine mycoplasma species*
Mycoplasma suipneumoniae
M* suipneumoniae is now recognized as the aetiological agent of 
swine enzootic pneumonia .(SEP), a chronic disease characterized by 
low mortality, high morbidity, growth retardation, coughing and decreased 
efficiency of food utilization. The disease was not identified as a 
distinct swine respiratory condition until Kobe (1933, 1934, 1936),
Waldmann (1933, 1934), bJaldmann and Kobe (1935), Lamont (1938), and 
Momberg-Dorgensen (1938) differentiated SEP from swine influenza.
Gulrajani and Beveridge (1951) confirmed these observations, and they 
reproduced the disease with bacteria-free filtrates from infected animals. 
However, they assumed that the causal organism was a virus, an opinion 
shared by Betts (1952). Uesslen and Lannek (1954), Lannek and Wesslen 
(1955), Hjarre, Dinter and Bakos (1954), Bakos, Bjorklund, Karlsson and 
Dinter (1962) and Bakos and Dinter (1963) concluded that the SEP agent 
was a mycoplasma because Giemsa—stained tissue cultures consistently 
showed coccoid organisms, and liihittlestone (1957, 1958) also observed 
similar organisms in pneumonic lung smears and came to the same conclusions. 
These workers failed to grow the organism on solid medium, but Goodwin 
and Uhittlestone grew the SEP agent in cell-free tissue culture medium
(1964), and after several passages Goodwin et al. (1965) were able to 
produce pneumonia in pigs with this agent.
In 1965 flare and Switzer, using solid medium similar to the cell- 
free medium of Goodwin and liihittlestone (1964), successfully cultivated a 
mycoplasma with typical colonial morphology which they named M. hyopneumoniae 
However, they failed to demonstrate that the colony-producing organism 
was capable of producing enzootic pneumonia in swine. In 1965, Goodwin et al 
also reported the isolation of an organism which they subsequently cultured
on solid medium, obtaining mycoplasma-like colonies* They subsequently 
produced enzootic pneumonia in pigs by intranasal inoculation with broth 
cultures derived from these mycoplasma-like colonies and named their 
isolate M* suipneumoniae* Goodwin et al* (1967) have since demonstrated 
that M* suipneumoniae was serologically and culturally identical to 
M, hyopneumoniae* Although the nomenclature proposed by Mare and Switzer
(1965) has priority, the characterization of their isolate was inadequate*
In contrast, Goodwin et al* (1967) came much closer to fulfilling what 
was later to be accepted as the basic minimal standards for descriptions 
of new species of the order Mycoplasmatales (international Committee on 
Systematic Bacteriology, Subcommittee on the Taxonomy of the Mycoplasmatales
1972). This report stated that before a new mycoplasma species is named, 
it should be characterized with respect to morphology, size, non—reversion 
in the absence of antibiotics, colony morphology, dependence on sterol for 
growth, biochemical properties, and serological relationship with all 
species having the same habitat or sharing the same general biological 
properties* Although all these tests were not applied to M. suipneumoniae 
by Goodwin et al* (1967)* many of them were, and M. suipneumoniae was ^ 
compared with 42 other mycoplasma and acholeplasma strains* and found to 
be unrelated to any of them, but indistinguishable from M* hyopneumoniae* 
However, the Subcommittee on the Taxonomy of the Mycoplasmatales has still 
to decide the official nomenclature for this organism*
• t e
One of the main hindrances -£» establishing the aetiology of SEP 
has been the lack of an effective selective medium to prevent overgrowth 
with M* hyorhinis, which is frequently present in normal and infected lungs. 
Many workers have reported the isolation of M* suipneumoniae from swine, 
and this work is reviewed in section one.
The primary clinical sign of SEP is a dry, non-productive cough which 
may last for 3 weeks or longer, although some affected pigs are never
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observed to cough. The gross lesions of the disease were characterized 
by Betts in 1952 as well-outlined, plum-coloured or greyish pneumonic 
areas in the apical and cardiac lobes (other lobes were less frequently 
involved). Microscopic lesions were characterized by Pattison (1956) 
who demonstrated a gradation of changes beginning with an increase in 
cellularity of the inter-alveolar tissue with slight oedema and a few 
large mononuclear cells free in the alveolar spaces. Later, there was 
an increase in cellular exudate accompanying more obvious oedema and 
lymphoid hyperplasia, spreading to the bronchi and bronchioles. Many 
others have seen these characteristic macroscopic and microscopic lesions 
associated with SEP (Urman, Underdahl and Young, 1958; Omar, 1964;
Hodges, Betts and Dennings, 1969; Dericho, 1967; Livingston, Stair, 
Underdahl and Mebus, 1972; Baskerville, 1972). Urman et al. (1958) 
confirmed Pattison*s observations (1956) that the lesions did not appear 
until 13 days after inoculation which was in contrast to swine influenza, 
which produced a much more rapid tissue response.
Serological characterization of the disease has been applied with 
varying degrees of success, Roberts and Little (1970) described the use 
of a complement fixation test (CFT) using antibodies produced in pigs 
inoculated with a broth culture of TV. suipneumoniae and cross—reactions 
occurred with M. hyopneumoniae, indicating their similarity. Boulanger 
and L’Ecuyer (1968) reported a modified CFT for the detection of antibodies 
against. M. suipneumoniae in the sera from pigs with SEP. However, they 
noted that the test required guinea-pig complement supplemented-with fresh 
normal unheated calf serum. They also noticed that the typical lung 
lesions that developed in experimentally infected pigs were associated 
with a significant serum antibody titre to M. suipneumoniae, confirming 
that artificially produced disease (Elfficited an antibody response similar 
to that produced by natural infection. Furthermore, there was no cross- 
reaction between M. suipneumoniae CF antigen and pig sera known to
- 20
contain -.M. hyorhinis antibodies* The titres against FU suipneumoniae 
were first detected 2 to 3 weeks after infection, supporting the 
findings of Takatori, Huhn and Switzer (1968), However, these titres 
fell dramatically about 14 weeks later, implying that the test would 
be of limited value if sera were taken from swine more than 20 weeks 
after infection. Goodwin, Hodgson, liihittlestone and Uoodhams (1969) 
also showed that CF titres of 1/40 or more commonly appeared 12 to 22 days 
after experimental infection of hysterectomy-produced, colostrum-deprived 
(HPCD) pigs with M. suipneumoniae. However, in contrast to previous 
studies, they found that CF titres of 1/80 - 1/640 were obtained 16 to 
39 weeks after infection, although CF titres did not correlate well with 
immunity, since swine experimentally infected with FU suipneumoniae were 
immune 60 weeks after infection and yet had CF titres of only 1/20.
Apart from their CF analysis of serial bleedings from swine 
experimentally infected with M* suipneumoniae. Goodwin et al. (1969) 
also examined these sera by the metabolic inhibition test (FlIT) and by 
indirect haemagglutination (IHA). IHA titres were very low 3 weeks after 
infection, but were high at 16 weeks after infection (when next tested), 
and they remained high for over a year. All pre-infection sera had very 
low IHA titres, and sera from all those pigs which were immune to challenge 
by virulent FU suipneumoniae cultures, had high IHA titres. However, it 
cannot be assumed that IHA titres correlated well with the degree of 
immunity present, because there was not a variability in immunity among the 
animals studied. Goodwin and Hodgson (1970) reported that IHA was a 
reliable method for identifying FU suipneumoniae and for the detection of 
antibodies against this organism, but Lam and Switzer (1971) were unable 
to detect FI. suipneumoniae antibodies with this technique, using whole 
mycoplasmas adsorbed to sensitized sheep red blood cells. However, they 
were able to detect low levels of antibodies to FU suipneumoniae using
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fQ* suipneumoniae lysates obtained by treatment with sodium dodecyl sulphate 
(SDS) and sensitized pig red blood cells, although some swine with 
macroscopic lesions gave negative results* The main disadvantage of IHA 
is the variability of the red blood cell carrier system (Taylor-Robinson, 
Ludwig, Purcell, Mufson and Chanock, 1965a; Switzer, 1972), but Holmgren 
(1973) found that this difficulty could be overcome by using tanned red 
blood cells treated with formaldehyde.
Goodwin et al. (1969) found the MI test of little value because not 
only were very low MI antibody titres recorded, but also non-specific 
inhibitory substances were present in pre- and post— infection pig sera. 
Thus, uninactivated sera from uninoculated control animals inhibited the
t -
metabolism of M. suipneumoniae. M. hyorhinis. M. qallisepticum and M# pneu­
moniae t and although heat inactivation lowered these titres it did not 
eliminate them.
Fujikura, Namioka and Shibata (1970) reported that their tube 
agglutination test appeared to be specific, since relatively high titres 
were obtained when immune sera, produced by intratracheal immunization of 
HPCD piglets with M. suipneumoniae. were used in tests with M. suipneumoniae 
antigen. They reported that no cross—reactions occurred in tube 
agglutination tests with these sera and M. hyorhinis antigen, although they 
presented no data to confirm this* They also found that in young pigs less 
than 3 months old, agglutination antibody was demonstrated more frequently 
than CF antibody. In addition, 20 serum samples from colostrum—deprived 
pigs and specific pathogen free (SPF) pigs were all negative in both CF 
and agglutination tests, when tested with M. suipneumoniae antigen.
L*Ecuyer and Boulanger (1970) used immunofluorescence to detect 
M. suipneumoniae in sections of infected lungs and obtained evidence 
of the presence of the organism in the late stages of disease. Meyling 
(1972) using the same technique, reported the detection of antibodies to
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M. suipneumoniae in 67.3% of slaughter-house pigs*and none of the serum 
samples from SPF herds gave positive fluorescence*
In 1967, Switzer suggested that on the basis of the clinical 
course of the disease and microscopic and macroscopic lesions, SEP was 
present in herds throughout the world, with incidence ranging from 35 
to 60%. As early as 1948* Pullar noted that up to 68% of market-weight 
pigs were infected, although only 32% of older adult pigs exhibited 
similar lesions. Betts (1952) had observed enzootic pneumonia in 42% 
and 61% of 2 groups of 1,000 pigs and MacPherson and Shanks (1955) 
reported that of 675 sows examined only 5.8% had lesions of SEP, whilst 
55.4% of 1,000 market-weight pigs had typical lesions, More recently,
Audi, Topolnik and Aleraj (1962) reported that the incidence of SEP in 
Yugoslavia was approaching 100%.
Goodwin (1971), reviewing the incidence and economic effect of 
SEP* considered that environmental conditions such as ventilation rate 
and the number of pigs in a given area had a marked effect on the incidence 
of SEP*and that the incidence was also governed by the average age of the 
maternal population. In a closed herd, where breeding sows are rather 
old and the pigs are not kept in very confined conditions, the disease 
may be present, but barely detectable clinically* and the incidence at the 
slaughter-house may be as low as 10%. Alternatively, in a herd of 100 
sows with intensive indoor feeding, poor ventilation and a virulent form 
of the disease, the incidence of SEP in the winter months could exceed 90%.
The economic importance of the disease is mainly due to the resulting 
debilitating effect associated with lowered resistance to other infection 
(Goodwin, 1971) and these factors, with the others mentioned above, working 
in various combinations, are probably responsible for the variability in 
incidence and severity of SEP outbreaks, and therefore it is difficult to 
evaluate the overall economic effect.
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Batts (1952) reported that it was possible to reduce the effects 
of SEP through improved hygiene and management, and that eradication 
was not necessary, but in practice, only under the strictest management 
can herds be kept free from enzootic pneumonia*
Flycoplasma hyorhinis
FI* hyorhinis was isolated in the course of attempts to use embryo— 
nated hens* eggs to propagate filter-passing factors from swine nasal 
cavities (Switzer, 1953)* He observed that embryonated hens* eggs were 
a slightly inferior medium for isolation from clinical specimens, but had 
the advantage that they were more universally uniform than artificial 
media at that time, and that inoculation into the yolk sac of 6 to 7 
day-old embryos was the most sensitive isolation method. The embryos of 
inoculated eggs sometimes died 4 to 12 days after inoculation or developed 
polyserositis 2 days prior to hatching, and the amniotic and allantoic 
fluid of infected embryos was a rich source of N. hyorhinis 10 days after 
inoculation* In addition to eggs, Switzer used an ox-heart infusion, 
avian serum medium,' but investigated the value of other systems because he 
was dissatisfied with both eggs and artificial media. Later (1959) he 
showed that primary swine kidney cell cultures would support the growth 
of the organisms,although the system was not notably sensitive, and it was 
rare in comparative studies for isolation to be more successful in cell 
cultures than in cell-free media; indeed the converse was usually the case.
One particular problem observed with cell-free media was that they 
rapidly became toxic, killing the culture 3 or 4 days after inoculation, 
making it necessary to sub-culture the growth every 2 or 3 days. However, 
after several passages in artificial medium the organism appeared to lose 
this acute sensitivity, and multiplication of the organism was rapid, both 
in liquid and solid cell—free media*
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Many workers have since reported the isolation of JM. hyorhinis
from both healthy and diseased swine lungs (L*Ecuyer, Switzer and Roberts,
1961; Ross, 1963; Harris, Ross and Switzer, 1969; Pijoan and Roberts,
1973). Furthermore, several M. hyorhinis strains have been isolated from 
uninoculated tissue cultures, the first of such isolates being reported
by Butler and Leach (1964) who isolated an acid-producing mycoplasma
(GDL) from apparently healthy HEp-2 tissue cultures. This isolate was
later shown by Purcell, Somerson, Fox, Wong, Turner and Chanock (1966c)
to be a strain of hyorhinis.and they also demonstrated that 2 other
mycoplasmas isolated from tissue cultures, Tumour-7 and liiistar—3, were
also strains of M. hyorhinis.
M. hyorhinis is apparently associated with several disease syndromes. 
The agent appears to have a strong predilection for serous surfaces, 
typically causing polyserositis. Three main factors appear to influence 
the clinical expression of the infection, the most important being the age 
of the pig at the time of infection. Thus it has been found that pigs up 
to 6 weeks develop much more severe lesions when inoculated by the intra— 
peritoneal route than pigs over 8 weeks old, and this is confirmed by the 
field observations that disease is rare after 10 weeks (Switzer, 1964).
In general, M. hyorhinis infection of the respiratory mucosa occurs during 
the first few weeks of life,when polyserositis also occurs most frequently. 
Another important factor in the development of disease is the influence 
of concurrent stress (Switzer, 1964), and in addition it is fairly clear 
that there are strains with different pathogenicity (Switzer, 1964).
In an attempt to establish the pathological effects of M. hyorhinis. 
Ennis, Dalgard, Uillerson, Barden and Decker (1971) examined sequential 
morphological changes in experimentally infected swine. In the acute stage 
(4 to 24 days after inoculation), affected swine showed pericarditis, 
pleuritis and peritonitis, and oedema and hyperaemia of the synovia, with
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increased amounts of serosanguineous synovial fluid* Changes seen in 
serous membranes during the subacute stage (25 to 90 days after inoculation) 
consisted of organization of surface exudate and the development of 
adhesions. In the third stage (91 to 200 days after inoculation) there 
were old, organized fibrous adhesions of the pleura and pericardium, and 
synovia were proliferated and hypertrophied. Generally the polyserositis 
lesions progressed for 10 to 14 days, then regressed. About the fourth 
week after infection the animals began to recover, but they usually showed 
a retardation of growth rate. Arthritis is a frequent complication of 
M. hyorhinis infection usually involving the stifle, tarsus, carpus and 
shoulder joints (Roberts, Switzer and Ramsey, 1963).
There is considerable controversy as to whether or not fl. hyorhinis 
can cause pneumonia in swine. Lannek and li/esslen (1957) used their 
"SEP agent" (probably PI* hyorhinis) grown in pig kidney tissue culture 
to infect 3 and 8 week old pneumonia-free pigs. None of the animals 
developed macroscopic lesions,and only 5 out of 11 pigs developed micro­
scopic lesions. However, the inoculum could have contained J% suipneumoniaeY
as this organism will grow in pig kidney tissue culture (Switzer, 1959).
Goisi, Valicek and Sovadina (1968) isolated M. hyorhinis, but not 
M. suipneumoniae,from pneumonic lesions in young piglets shortly after 
birth. However, their inability to isolate PI. suipneumoniae does not
y/
preclude M. suipneumoniae being present. In additional work Gois and 
Valicek (1968) experimentally infected 4 to 8 day-old piglets by the 
intranasal route, with a lung suspension of |1. hyorhinis. and exposed 
healthy piglets to contact with infected animals. Out of 7 experimentally 
infected pigs, 3 showed lobular pneumonia on macroscopic and microscopic
examination, and one piglet showed pneumonia on microscopic examination.
However, the piglets were not reared in a sterile environment and so their 
initial health status was undetermined, and it is possible that there may 
have been M. suipneumoniae present in the inoculum.
Friis (1971b) produced a catarrhal pneumonia in 2 out of 12 ten 
day-old SPF piglets inoculated with M. hyorhinis and Poland, Edington,
Gois and Betts (19.71) showed that intranasal inoculation of 8 to 9 day- 
old gnotobiotic pigs with aerosols of H. hyorhinis caused pleurisy# 
pericarditis, peritonitis and synovitis,whilst a third of the pigs 
developed pneumonic lesions. This implied that the strain they used 
(TR32) was sufficiently pathogenic to induce a primary bronchopneumonia>
V  V
and in this respect was similar to JM. suipneumoniae. Gois, Pospisil,
V  ✓  ■
Cerny and Mrva (1971) inoculated 6 day-old gnotobiotic pigs with 3 strains 
of M* hyorhinis grown in artificial medium, producing pneumonia with one 
strain, and pneumonia, polyserositis, pericarditis and arthritis with the 
other 2. Several workers (Switzer, 1964; Goodwin, Pomeroy and 
Whittlestone, 1968) have regarded M. hyorhinis only as a secondary invader, 
but it is possible that some strains are capable of producing broncho­
pneumonia in young piglets in natural conditions*
Diagnosis of these infections is essentially clinical in the first 
instance, but isolation of the mycoplasma is essential to exclude the 
possibility that other pathogens are present. In particular* Haemophilus 
suis* has also been associated with polyserositis in swine, but this 
organism usually causes a greater temperature elevation and the gross 
appearance of the serous exudate is slightly different (Switzer, 1964).
Diagnostic techniques for M* hyorhinis depend mainly on serological 
methods. Ross and Switzer (1963) developed the IHA test and examined 17 
isolates of .PI* hyorhinis* preparing hyperimmune rabbit serum to each strain. 
They observed cross-reactions between all the strains and yet there seemed 
to be significant antigenic variation within the group. Sera from 36 
pigs exposed to natural infection or experimentally infected with ri. hyorhinis
y/
appeared to contain no IHA antibodies. Gois (1968) demonstrated that the 
metabolic inhibition test was a more sensitive method than IHA for the
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detection of M. hyorhinis antibodies, and sera from pigs infected by the 
intranasal route or by exposure to contact with infected animals were
found to contain MI antibodies with titres of up to 1/64# However,
V  *  \Gois, Franz, Kuksa, Pokorny and Cerny (1972) found that MI antibodies
could not be detected in sera from piglets experimentally infected with
M# hyorhinis later than 30 days after infection, by which time a
response was demonstrable in the latex agglutination (LA) test.
Mycoplasma hyosynoviae
M. hyosynoviae was originally isolated from swine synovial fluid, 
nasal secretions and tonsils, but until 1970 PI. hyosynoviae isolates had 
been tentatively identified as A. granularum. In that year>Ross and Karmon 
(1970) carefully examined 12 isolates cultured from swine synovial fluid, 
nasal secretions and tonsils and compared them to existing strains obtained 
previously from similar sources# They distinguished M. hyosynoviae from 
A. granularum# M. hyorhinis and /U laidlawii by polyacrylamide gel electro­
phoresis, growth inhibition, metabolic inhibition and immuno-diffusion 
tests. Furthermore, they showed that M. hyosynoviae was serologically and 
electrophoretically distinct from 13 non—swine»arginine—utilizing, sterol-
requiring mycoplasmas.
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Roberts and Gois (1970) reported the isolation of arginine- 
metabolizing mycoplasmas from the respiratory tract of swine. These 
isolates were later named as M. hyoarginini (Gois and Taylor-Robinson, 
1970), but they have since been shown to be identical to M. hyosynoviae 
(Roberts, Johnson and Tew, 1972). Friis (1970) isolated 12 strains of a 
mycoplasma from lungs of pigs suffering from catarrhal pneumonia. These 
strains, which he named M. suidaniae# were shown to be closely related 
by growth inhibition tests, and different from all other recognized 
porcine species. However, ri. suidaniae has since been shown to be a strain
' w
of M. hyosynoviae (Gois and Taylor-Robinson, 1972). The organism has 
also been isolated from the synovial fluid of arthritic joints during 
the acute stages of the disease (Ross and Duncan, 1970). In their 
experimental studies, Ross and Duncan (1970) re—isolated the organism 
from 80^ of their infected pigs 1 to 4 days after the clinical onset of 
the disease, but the frequency of isolation decreased markedly during 
the subacute and chronic stages of the disease. However, Ross, Switzer 
and Duncan (1971) were able to re-isolate the organism from the joints 
of experimentally infected animals for as long as 44 days after inoculation.
The main diagnostic feature of arthritis associated with M. hyosynoviae 
infection is acute lameness in heavy—muscled swine* However, there are 
other features useful for the characterization of this conditions 
1. failure to respond to penicillin and anti—erysipelas serum, 2. increased 
serofibrinous and serosanguineous synovial fluid, with moderate inflammation 
of the synovium in the large diarthrodial joints, and 3. the isolation of 
M. hyosynoviae in the absence of known arthritogenic bacteria. The severe 
fibrosis, synovial membrane hypertrophy and cartilage damage found in 
chronic erysipelas or streptococcal arthritis are not found in M. hyosynoviae 
arthritis, nor does the agent give polyserositis, a characteristic feature 
accompanying arthritis due to M* hyorhinis. The incubation period in 
experimentally induced M. hyosynoviae arthritis varies from 5 to 10 days 
(Ross et a!.. 1971) and the acute stage of the disease lasts for 3 to 10 
days, following which many animals recover and show no further lameness. 
Mortality is very low, being restricted to severely affected animals that 
cannot eat,and morbidity varies from 1 to 50^ in infected herds. M. hyo- 
synoviae generally causes arthritis in 10 to 12 week old swine and in this 
respect differs from M. hyorhinis,which .produces disease in 3 to 10 week 
old pigs.
Ross and Duncan (1970) experimentally produced arthritis in heavy- 
muscled swine by intravenous inoculation with a young culture of M. hyo— 
synoviae. However, in contrast, Friis (1970) showed that his reference
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strain of M. hyosynoviae (M152) produced no clinical or pathological 
evidence of respiratory disease nor arthritis when administered by 
aerosol or intra-articular injection to seven 10 week-old pigs.
Few serological studies have been reported involving swine 
experimentally or naturally infected with M. hyosynoviae. Ross (1972, 
unpublished observations) detected CF antibodies in animals 9 days after 
experimental .infection with M. hyosynoviae. and CF antibodies which cross- 
reacted with M. hyosynoviae. M. hyorhinis and PT. suipneumoniae were also 
detected in some experimental as well as field swine (Ross and Spear,
1973).
Acholeplasma qranularum
Ross et al. (1963) isolated an organism from swine which was 
subsequently named M. qranularum (Switzer, 1964). The organism was so named 
because growth in liquid medium had a granular texture, but this organism 
has since been re-named Acholeplasma qranularum. and placed within the 
family Acholeplasmataceae (Edward and Freundt, 1970). Acholeplasma are 
differentiated from mycoplasma principally by their non-dependence on sterol 
for growth. In a limited comparative study, Switzer (1967) reported that 
A. qranularum formed *pearly film* on solid medium, whereas M. hyorhinis 
did not. However, careful re-study of A. qranularum strains by Ross and 
Karmon (1970) showed that A. qranularum did not form *pearly film*, and as 
they showed that M. hyosynoviae strains did, they believed that in the early 
work on A.- qranularum. organisms were assigned to this species which have 
since been characterized and re-named J1. hyosynoviae. Furthermore, Ross and 
Karmon (1970) claim that mycoplasmas resembling A. qranularum (strain 39) 
have never been isolated,from arthritic swine joints, and are not known 
to cause arthritis. This implies that the early work on the characterization, 
incidence and pathogenicity of qranularum must be viewed With considerable 
caution. More recently, Ross (1973) reported that the disease presently
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associated with Mi. hyosynoviae was identical to that described by
Switzer (1967), who associated it with A. qranularum.
Tully and Razin (1968) made a careful study of several of the
isolates of A. qranularum provided by Switzer, and on the basis of
electrophoretic patterns of cell proteins and the fact that the organism
grew well in medium devoid of animal serum, they suggested that these
isolates were closely related to laidlawii. The fact that all the
strains had been isolated from nasal secretions of clinically normal
v v *
swine implied that they were harmless commensals, although Gois, Cerny,
y/ / . .
Rozkosny and Sovadina (1969) isolated strains of A. qranularum and 
A. laidlawii from nasal secretions and lungs of swine experiencing 
pneumonia. Jericho, Austwick, Hodges and Dixon (1971) exposed 8 pigs to 
aerosols of A. qranularum and found no lesions in the lungs of any pigs, 
nor were they able to recover the organism from lung tissue or nasal 
secretions.
Mycoplasma flocculare
Friis (1972) reported the isolation of mycoplasmas from 4 swine 
with catarrhal pneumonia, as well as from the nasal cavity of one healthy 
pig. The strains were closely related by the metabolic inhibition and 
growth inhibition tests, using hyperimmune rabbit serum prepared against 
one strain (Ms42). All 5 strains had similar colonial morphology, and
they all grew slowly in liquid medium, and passed through a 0.45^ filter.
None of the 5 strains grew in serum-free medium and they all metabolized 
glucose, but not arginine or urea. None of them caused reduction of 
tetrazolium salts, and all were inactive in phosphatase tests. Three of 
the strains (Ms30, Ms42 and Ms45) were compared with 2 Danish isolates 
of M. suipneumoniae. and they were all found to have similar colonial 
morphology and biochemical characteristics, although unlike M. suipneumoniae,
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the 3 strains grew at 30 C, and did not react with antiserum against 
£L* suipneumoniae. The 3 isolates produced large aggregates of mycelial 
growth in broth, which were visible to the naked eye.
Friis (1972) referred to these isolates as M. suipneumoniae 
antibody—resistant strains (SAR) because originally he assumed that 
they were indeed strains of M. suipneumoniae.
Friis (1972) attempted to produce pneumonia in four 9 week-old 
pigs by aerosol administration of the eighth passage of an SAR strain 
recovered from a pneumonic lung, but no macroscopic lesions were 
observed within 35 days after inoculation, although there was histological 
evidence in the nasal mucosa and in the lungs to suggest that this 
organism grew in these animals and produced damage in the respiratory 
system. Mycoplasmas serologically similar to Ms42 were recovered from 
the nostrils 16 days after inoculation, and from the lungs at necropsy.
Meyling and Friis (1972) compared the Ms42 strain with the NCTC 
10110 strain of M. suipneumoniae and the NCTC 10121 strain of M. hyorhinis, 
and using the growth inhibition and metabolic inhibition tests, found all 
3 to be separate species, although some low order cross-reactions were 
observed with CFT and immunodiffusion tests. The Ms42 strain was therefore 
considered to be sufficiently distinct to be considered as a separate 
species, and because of their floccular growth, Meyling and Friis (1972) 
proposed that the SAR strains should be named Mycoplasma flocculare.
Mycoplasma hyoarthrinosa
Moore et al. (1966b) reported the isolation from an arthritic swine 
joint of:a mycoplasma which they named M, hyoarthrinosa. This organism 
produced cytopathic effect in swine kidney cell cultures but not in other 
tissue culture systems. Furthermore, M. hyoarthrinosa retained its 
virulence for pigs when cultivated in cell cultures, but not when grown in 
cell-free medium.
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In further studies on the disease, Robinson, Moore and Bridges 
(1967) noted that M. hyoarthrinosa affected swine of 45 — 54 kg in 
weightfproducing a slight temperature elevation and acute stiffness, 
making the animal very reluctant to move at all for 3 to 5 days,and at 
this stage, the organism could be recovered from the synovial fluid.
After the acute phase, the pigs developed a chronic and progressive 
lameness. The most characteristic effect of M. hyoarthrinosa infection 
appeared to be excess of serosanguineous fluid in the joint cavity with 
the most prominent microscopic lesion being hypertrophy of the synovial 
villi (Moore et al., 1966b).
Since there has been no published work on M. hyoarthrinosa since 
1967, and the organism has not been available to other workers, some 
doubt as to its validity exists.
Mycoplasma hyoqenitalium
Another organism about which some doubt exists is M. hyoqenitalium. 
which was isolated by Moore et al. (1966a) from, the mucosal surface of 
the uterus of a pig. They experimentally infected SPF sows with their 
organism and later re-isolated it from these swine. Naturally and 
experimentally, it produced a clinical syndrome characterized by a 
metritis-mastitis indistinguishable from that previously reported to be 
caused by E. coli. The isolate was compared serologically with 
A. qranularum. M. hyorhinis. and M. hyoarthrinosa by the growth inhibition 
technique, and was found to be serologically distinct from all of them. 
However, no other reports of this organism have appeared, and the original 
isolates are no longer available.
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B1 - B6 Mycoplasmas
Six mycoplasma isolates (B1 - B6) from pigs with enzootic pneumonia, 
were characterized by Pinter et al. (1965) and were differentiated from 
M. hyorhinis and A. qranularum by their cultural characteristics, and 
their behaviour in gel diffusion and growth inhibition tests. However, 
in 1968 Taylor-Robinson and Dinter further characterized the strains on 
the basis of arginine or glucose metabolism in the metabolic inhibition 
test using specific rabbit antisera, and by growth inhibition tests using 
a wide range of other mycoplasmas. B1, B2 and B5 were identified as 
M. qallinarum. B4 as A. laidlawii and B6 as M. iners. Later, Cherry and 
Taylor-Robinson (1970) and Neimark (1971), showed that B3 was identical
roycoides var. capri.
This work demonstrates the care necessary in typing new isolates 
and the dangers of assuming that an isolate is essentially host specific.
For instance, A. laidlawii has been isolated from a variety of habitats," 
such as sewage (Laidlaw and Elford, 1936), soil (Seiffert, 1937a and b; 
Klieneberger, 1940), cattle (Edward, 1950; Leach, 1967; Barile and Kern, 
1971), and from avian, rat and human tissues, as well as from uninoculated 
tissue cultures (Adler and Shifrine, 1964; Lemcke, 1964; Tully, 1966; 
Hayflick and Stanbridge, 1967). It is generally regarded as a saprophytic 
organism,and it is therefore possible that it could be present in the 
respiratory tract of swine as well as other animals without causing any 
overt disease. However. Dzu et al. (1971) reported the production of both 
pneumonia and rhinitis in SPF swine after infection with strains of
A. laidlawii originally isolated from swine lungs. They detected antibodies 
to the organism in sera from the infected swine by means of agglutination, 
growth inhibition and indirect haemagglutination tests. Ross (1973) 
reported the sporadic isolation of acholeplasmas from swine pharyngeal 
secretions, but conclusive proof for their role as primary pathogens in swine 
has not been presented. :
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The isolation from pigs of 'PI* iners (B6) and JM. qallinarum 
(B1, B2 and B5), both believed to be exclusively avian mycoplasmas, 
raises the question of whether in fact these organisms were laboratory 
contaminants. The evidence weighed against this was that the isolations 
of the B strain organisms were all made directly onto solid medium, and 
that stock strains of M. qallinarum and M. iners had never been used in 
the laboratories where the B strain organisms were isolated#
Whether or not these isolates, or indeed any of the recognized 
porcine species are responsible for specific diseases, it is clear that 
detailed comparative studies were lacking, and the objective of the 
following study was to attempt to rationalize this, and to check whether 
there was any evidence for sub-species variations. Such variation could 
well account for the apparent inconsistency in the reports of the 
pathogenicity of porcine mycoplasmas.
GENERAL MATERIALS AND METHODS
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1• Strains Used
TABLE 1
STRAINS OF PORCINE MYCOPLASMAS USED
SPECIES STRAIN SOURCE
M. suipneumoniae Cambridge 3 strain 
(NCTC 10110)
a N.C.T.C.
n. suipneumorjiae' Switzer*s strain 11 
(NCTC 10127)
a N.C.T.C.
il* suipneumoniae EP28
b Dr. C. L’Ecuyer
suipneumoniae EP29 b Dr. C. L’Ecuyer
A. qranularum Switzer*s strain 39 
(NCTC 10128)
a N.C.T.C.
n. hyorhinis Switzer’s strain 7 
(NCTC 10130)
a N.C.T.C.
n. hyorhinis P1H31
b
Dr. C. L’Ecuyer
Jl* hyorhinis TR32
c Dr. M. Gois
n. hyorhinis S218 c Dr. M. Gois
£U hyorhinis GDL d Dr. G. D. Windsor
■ FU hyorhinis 483 )
)
499 )
)
508 ) Fresh 
)
495 )
)
495(1) ) Isolates
495(2) )
)
495(3) )
Author
JM. hyorhinis Author
H? hyorhinis Author
PL hyorhinis Author
Pi. hyorhinis Author
il* hyorhinis Author
hyorhinis Author
il: hyosynoviae S16
e
Dr. R. F• Ross
n. hyosynoviae P45 f Dr. D. Roberts
_PL hyosynoviae 1*160 g Dr. N. Friis
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8
National Collection of-Type Cultures, Colindale Avenue, London.
b Dr. C. L*Ecuyer, Health of Animals Branch, Canada Department of 
Agriculture, Hull, Quebec, Canada, 
c v
Dr. M. Gois, Veterinary Research Institute, Brno, Czechoslovakia.
^ Dr. G. D. Windsor, The Wellcome Research Laboratories, Langley 
Court, Beckenham, Kent, BR3 3BS.
0
Dr. R. F. Ross, Veterinary Medical Research Institute, Ioua State 
University, Ames, Ioua, U.S.A.
f Dr. D. Roberts, Central Veterinary Laboratory, M.A.F.F., Weybridge, 
England.
® Dr. N. Friis, State Veterinary Serum Laboratory, Copenhagen, 
Denmark.
2. Media
Several different media uere used in these studies and their 
formulations are shoun belou, Further details of the individual 
medium components can be found in the appendix.
A. Boiled Blood Extract Agar (BBX)
Ionagar no. 2 in Difco PPLO Broth 60.0 ml
*
Horse Serum 10.0 ml
Boiled Blood Extract 10.0 ml
Yeast Extract 10.0 ml
DNA 1.0 ml
NAD 1.0 ml
Penicillin 2.0 ml
Thallous Acetate 2.5 ml
Horse Serum no. 3 (Wellcome Reagents Ltd.)
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B• Gooduin Solid Medium
Hanks Balanced Salt Solution 39.0 ml
Hartleys Broth 30*0 ml
Horse Serum 20.0 ml
Lactalbumin Hydrolysate 10,0 ml
Yeast Extract 10.0 ml
Penicillin 2.0 ml
Thallous Acetate 2.5 ml
Ionagar no, 2 (Oxoid) 1.0 g
C. Horse Serum Agar (HSA)
Ionagar no. 2 in Difco PPLO Broth 60.0 ml
Horse Serum 20.0 ml
Yeast Extract 10.0 ml
DNA 1.0 ml
BSA 1.5 ml
NAD 1.0 ml
Penicillin 2.0 ml
Thallous Acetate 2,5 ml
D. Tryptone Soya Agar (TSA)
Tryptone Soya Broth 75.0 ml
Cysteine 2.0 ml
DNA 1.0 ml
Yeast Extract 10,0 ml
Horse Serum 10.0 ml
Penicillin 2,0 ml
Thallous Acetate 2.5 ml
Ionagar no. 2 1,0 g
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Preparation and Incubation of Agar Plates
Horse serum agar and boiled blood extract agar were 
prepared as follows: 60 ml of agar base was melted in a
boiling water bath, allowed to cool to 50°C in a water bath 
and the remaining components, warmed to 50°C in a separate 
bottle, were then added. Goodwin solid medium was prepared 
by boiling 1 g of ionagar no. 2 in 39 ml Hanks balanced salt 
solution and tryptone soya agar was prepared by boiling 1 g 
of ionagar no. 2 in 75 ml of tryptone soya broth. On cooling 
to 50°C these agar bases were similarly added to their 
corresponding media constituents. After thorough mixing, 
the enriched agar was poured into twelve 2 inch plastic 
petri dishes (Escoplastic grade *A*). When the agar had 
solidified, the plates were dried by inverting in a 37°C 
incubator for 30 min.
In the later stages of this work, Oxoid ionagar no. 2 
was replaced by Oxoid agar no. 3.
Inoculated agar plates were incubated inverted, in 
McIntosh and Fildes anaerobic jars gassed with 2 changes of 
95% N2j 5% C02, at 37°C.
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F. Boiled Blood Extract Broth (BBX Broth)
PPLO Broth 60.0 ml
Horse Serum 10.0 ml
Boiled Blood Extract 10.0 ml
Yeast Extract 10.0 ml
DNA 1.0 ml
NAD 1.0 ml
Penicillin 2.0 ml
Thallous Acetate 2.5 ml
Glucose or Arginine 0.5 ml
Phenol Red 0.5 ml
£»• Glucose Broth
PPLO Broth - 60.0 ml
Horse Serum 20.0 ml
Yeast Extract 10.0 ml
PNA 1.0 ml
Thallous Acetate 2.5 ml
Penicillin 2.0 ml
Phenol Red 0.5 ml
Glucose 0.5 ml
H. Gooduiin Broth
Hanks Balanced Salt Solution 39.0 ml
Hartleys Broth 30.0 ml
Horse Serum 20.0 ml
Lactalbumin Hydrolysate 10.0 ml
Yeast Extract 10.0 ml
Penicillin 2.0 ml
Thallous Acetate 2.5 ml
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65*0 ml
20.0 ml
10.0 ml
2.0 ml 
2.5 ml 
0.5 ml 
0.5 ml
2.0 ml
Tryptone Soya Broth (TSB)
Tryptone Soya Broth 75.0 ml
Cysteine 2.0 ml
DNA 1.0 ml
Glucose 0.5 ml
Phenol Red 0.5 ml
Yeast Extract 10.0 ml
Horse Serum 10.0 ml
Penicillin 2.0 ml
Thallous Acetate 2.5 ml
Unless otherwise stated, all liquid media were adjusted 
to pH 7.5.
Switzers DPB Broth 
Phosphate Buffered Saline 
Horse Serum 
Yeast Extract 
Penicillin 
Thallous Acetate 
Phenol Red 
Glucose
Lactalbumin Hydrolysate
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Preparation of Antigen
IV suipneumoniae iiias grow in Switzer’s DPB broth, and 
!1* hvorhinist A_. qranularum and M. hyosynoviae were grown in BBX 
broth. All cultures were grown aerobically at 37°C in screw-capped 
bottles.
• For N, suipneumoniae antigen production, 1 ml of broth culture 
(stored at -70°C) was inoculated into 10 ml of liquid medium and 
incubated at 37°C. On colour change occurring (usually 4 days), the 
culture was inoculated into 100 ml of broth. After growth in this 
volume, this in turn was subcultured into 1 litre of medium and 
finally harvested when the colour change developed.
N. hyorhinis, JN. hyosynoviae and A. qranularum antigen 
production was initiated from freeze-dried ampoules. The contents 
of an ampoule wsre reconstituted in 2 ml of BBX broth and incubated 
at 37°C, On colour change, this was inoculated into 50 ml of broth, 
which was subcultured into 2 litres of liquid medium, and harvested 
when the colour change developed.
Antigens from these broth cultures were harvested by centri­
fugation at 2,500 £  f°r 1 h 4°C,- and washed 3 successive times with 
phosphate buffered saline (PBS,.'pH 7,2), each time centrifuging at 
2,500 £  for 30 min. The washed antigen was finally resuspended in 
PBS and frozen in 5 ml aliquots at -20°C,and 0.5 ml of the frozen 
antigen was used to estimate the amount of protein by the method of 
Lowry, Rosebrough, Farr and Randall (1951).
Production of Rabbit Antisera 
Growth of antigens for inoculation
All antigens (except for Mi. suipneumoniae strains 10110 and 
10127) were prepared as previously described except that rabbit serum
was substituted for horse serum in culture media. The 2 PI, sui­
pneumoniae strains were of necessity grown in horse serum medium 
because it was not possible to adapt them successfully to rabbit 
serum medium. Antigens were stored in aliquots at -70°C until use.
Inoculation of Rabbits
Californian rabbits approximately 3 kg in weight were used 
throughout, and before inoculation a 5 ml pre-bleed was taken from an ' 
ear vein and the serum tested by growth inhibition against the 
mycoplasma strain to be inoculated. Antigen was homogenized with an 
equal volume of Freund's complete adjuvant and 0.5 ml was inoculated 
intradermally into each of 4 dorsal sites. A 5 ml test bleed was taken 
from an ear vein 6 weeks after the initial inoculation, and the serum 
was tested for growth inhibition against the strain inoculated. If 
satisfactory growth inhibition was achieved*the rabbit was re-inoculated 
with 1 ml of antigen inoculated intravenously into the marginal ear 
vein, and bled out one week later. If satisfactory growth inhibition 
was not achieved, the rabbit was inoculated with 1 ml of antigen and 
bled at weekly intervals, the serum being tested by growth inhibition.
On obtaining satisfactory growth inhibition, the rabbit was boosted with 
1 ml of antigen and bled out one week later. Rabbits were normally not 
boosted more than twice and the M. hyosynoviae strains produced good 
zones of inhibition (>5 mm) 6 weeks after inoculation. Antisera 
prepared against PI. hyorhinis were tested by the well growth inhibition 
test against at least 4 PU hyorhinis strains.
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Separation and storage of sera
Blood clots were detached from the glass of universal bottles 
and placed at 37°C for J - 1 h# The detached clots were then incubated 
at 4°C for 1 h, centrifuged for 15 min at mark 6 in an PISE minor 
centrifuge at 4°C, and the serum was decanted off. The serum from the 
final bleed-out was stored in 1 ml aliquots, and all sera were stored 
at —20°C*
SECTION ONE
ISOLATION OF MYCOPLASMAS FROM SWINE LUNGS
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INTRODUCTION
One of the most important aspects of an examination of mycoplasmas 
from porcine lungs is the isolation of these organisms from the lung 
tissue* Rost of the mycoplasmas isolated from swine lungs grow in 
conventional mycoplasma media, but R. suipneumoniae requires special 
medium for successful isolation.
Beveridge and Betts (1953) showed that a filter—passing agent was 
the aetiological cause of swine enzootic pneumonia (SEP), and bJesslen 
and Lannek (1954) isolated this organism using tissue cultures and 
embryonated hens* eggs. However, it would seem that they had a mixed 
isolate of R. suipneumoniae and R_. hyorhinis, since R. suipneumoniae 
does not grow in eggs (Goodwin and bJhittlestone, 1953, 1964; Switzer, 
1967). Subsequently, Lannek and bJesslen (1957) reported the isolation 
of an agent which induced a cytopathic effect in tissue culture, and 
successive subcultures representing a dilution of 10 of their original 
tissue culture inoculum produced pneumonia in a pig. Betts and 
bJhittlestone (1963) also isolated the causal agent of SEP in tissue 
cultures, although this isolation technique was not very sensitive. 
Several workers (Lannek and bJesslen, 1957; bJhittlestone, 1957) believed 
that the causal agent of SEP was a mycoplasma, but it was not until 1965 
that Rare and Switzer (1965) and Goodwin et al. (1965) grew-JR. sui— 
pneumoniae on solid medium. However, Goodwin and bJhittlestone (1964) 
grew R. suipneumoniae in heat-killed tissue culture, and they also 
successfully used acellular tissue culture fluid consisting of Hanks 
balanced salt solution, lactalbumin hydrolysate, yeast extract and 
inactivated pig serum. The solid and liquid media Goodwin .et al. (1965) 
used to culture R. suipneumoniae was similar to that used previously by 
Goodwin and bJhittlestone (1964) except that swine lung broth was also
included, and Rare and Switzer (1965) used a modification of the 
culture medium reported by Goodwin and bJhittlestone (1964) to culture 
R. suipneumoniae on solid medium. Rare and Switzer (1966) also 
•isolated R. suipneumoniae from a pneumonic lung suspension obtained 
from an artificially infected swine, using a medium consisting of beef 
heart infusion, Dulbecco*s phosphate buffered saline, lactalbumin, 
yeast extract and swine serum, and L*Ecuyer (1969) noted that swine 
gastric mucin, inactivated swine serum, yeast extract and lactalbumin 
hydrolysate improved the growth of R. suipneumoniae.
Goodwin et al. (1968) cultured R. suipneumoniae from the lungs 
of 91/a of experimentally infected swine in liquid, but not solid medium. 
However, one of the problems of R. suipneumoniae isolation is that 
£l# hyorhinis, a common inhabitant of the respiratory tract of pigs, 
grows more rapidly than JR. suipneumoniae. This makes it difficult to 
isolate R. suipneumoniae from lungs which also harbour JR. hyorhinis, and 
Goodwin et al. (1968) isolated JR. suipneumoniae from only 17% of 
naturally infected swine*whereas JR. hyorhinis was isolated from 75% of 
these swine lungs. However, when swine were experimentally infected with 
lung homogenates which had yielded JR. hyorhinis on culture. 100% developed 
characteristic lesions of SEP and R. suipneumoniae was isolated from 60% 
of these experimentally infected swine lungs. Friis (1971a) cultured 
JR. suipneumoniae from 38% of pneumonic swine lungs while R. hyorhinis was 
isolated from 62%, and JR. hyosynoviae from 11% of these pneumonic lungs.
By culturing serially diluted inocula*both JR. suipneumoniae and JR. hyo­
rhinis were isolated from 3 pneumonic lungs, JR. suipneumoniae being 
cultured at higher dilutions than R. hyorhinis. In 2 other cases, the 
2 mycoplasmas were isolated from different areas of the same lung.
Friis (1969) used a complex medium to isolate JR. suipneumoniae from 1 of 
5 pneumonic swine lungs, and JR. hyorhinis was isolated from the other 4
lungs. These isolates were typed by growth inhibition. Gois et al. 
(1969) isolated 11 .A* granularum strains and one A. laidlawii strain 
from 200 nasal swabs and 101 macroscopically healthy lungs. They also 
isolated 27 mycoplasma strains from 33 lungs showing macroscopic or 
microscopic lesions of enzootic pneumonia, and 15 of these strains 
were typed as FI. hyorhinis.
Goodwin and Hurrell (1970) isolated FI. suipneumoniae from 45% 
of naturally infected swine lungs using an improved isolation technique* 
incorporating the lung tissue dilutions reported by Friis (1969) in 
combination with stringent media quality control. They noted that the 
success of FI. suipneumoniae isolation depended very much on the batch of 
serum used in the medium. Friis (1971a) cultured 99 FI. hyorhinis 
isolates from pneumonic swine lungs, but only 17 from normal swine lungs, 
nasal cavities and nostrils. However, he isolated 27 fl. suipneumoniae 
and 12 FI. hyosynoviae strains only from pneumonic lungs. FL salivarium 
was isolated from the nasal cavity of 1 pig showing no macroscopic 
pneumonic lesions, and these isolates were typed by growth inhibition.
The direct isolation of FI. suipneumoniae onto solid medium was first 
reported by Goodwin and Pryor (I970)»and by pre-testing their solid medium 
with stock cultures of FL suipneumoniae, they were able to detect colonies 
typical of FL suipneumoniae from stored lung suspension after 9 to 13 days 
incubation. These colonies were passaged to liquid medium and identified 
as FI. suipneumoniae by metabolic inhibition tests.
Friis (1971c) isolated PI. suipneumoniae from 19 out of 20 pneumonic
lungs from field cases of porcine catarrhal pneumonia. He isolated
M. suipneumoniae alone from 9 lungs and FL hyosynoviae from 5 lungs, 4 of
which also yielded FI. suipneumoniae. FL hyorhinis was isolated from 6
lungs, but using a selective medium incorporating 5% FI. hyorhinis anti-
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serum and 0.5 mg/ml cycloserine,and serially diluted inocula (to 10 ),
he was able to isolate jj. suipneumoniae from all 6 of these lungs. 
Yamamoto, Koshimuzu and Ogata (1971) reported the selective isolation 
of M* suipneumoniae from lungs containing M. hyorhinis. PI. suipneumoniae 
was isolated from 30 out of 31 pigs, using a medium containingJM. hyorhinis 
antiserum and Kanamycin, but no M* hyorhinis isolations were made.
M. hyorhinis was however isolated from 16 of these pigs in the medium 
which did not contain the selective constituents.
In this study, attempts were made to isolate M. suipneumoniae from 
16 swine lungs.
MATERIALS AND METHODS
Swine Lungs
Swine lungs were obtained from Mr* A. B. Wilson, Rowett Research 
Institute, Bucksburn, Aberdeen and were from bacon-ueight swine with 
macroscopic lesions of enzootic pneumonia. The lung samples were frozen 
at -70°C shortly after removal from the pigs, transported to these 
laboratories in solid carbon dioxide and stored at -70°C until use.
Media
The formulations of Switzer^ DPB broth, Goodwin broth, tryptone 
soya broth, horse serum agar, tryptone soya agar and Goodwin agar are 
given in the general materials and methods section. DPB (ASK) broth,
TSB (ASK) broth, HSA (ASK) and TSA (ASK) contained, in addition to the
2 * 
normal constituents, 1 ml of 2 x 10 ug/ml Kanamycin and 2 ml of
M. hyorhinis (MH31) antiserum (prepared as described in the general
materials and methods section).
*
Kanamycin Sulphate BPC, Winthrop Labs, Surrey*
Isolation Procedure
Eleven lung samples were handled by the method of Goodwin and
Hurrell (1970), with some modifications# One to 2 g of lung sample
was finely chopped aseptically and ground in a tissue grinder with 5 ml
of medium,at room temperature# The medium used was either tryptone soya
broth or Goodwin broth or Switzer’s DPB broth, depending on which was
giving better growth using the stock cultures of M. suipneumoniae at the
time# The ground tissue was centrifuged at 450 g for 10 min at 4°C and
the supernatant was used as the inoculum, 0#2 ml volumes being inoculated
—1
into 2 ml of liquid medium. This was taken as the 10 dilution and at 
least 2 further serial tenfold dilutions were prepared in liquid medium. 
Undiluted supernatant was inoculated onto solid medium and these cultures 
were incubated as described in the general materials and methods section. 
The solid medium used was always horse serum agar and either tryptone 
soya agar or Goodwin solid medium.
The broths were examined every day and the plates every other day. 
Broths were always subcultured to solid and liquid medium on colour change, 
but were also subcultured blindly between days 10 - 18 post inoculation, 
to solid and liquid medium.
As several M. hyorhinis isolations were made using this procedure, 
and H. suipneumoniae is difficult to isolate from lungs contaminated with 
£L# hyorhinis. an attempt was made to isolate M. suipneumoniae from 5 swine 
lungs using the method of Yamamoto et al. (1971). Two gram of swine lung 
were aseptically finely chopped and ground in a tissue grinder containing 
5 ml of DPB broth, and 0.3 ml of the homogenate was inoculated into 2.7 ml 
of DPB broth and tryptone soya broth,which were then incubated aerobically 
at 37°C. This was specifically for the isolation of M. hyorhinis. but in 
addition, 2 ml of homogenate was mixed with an equal volume of DPB (ASK) 
broth and TSB (ASK) broth individually, for the selective isolation of 
M# suipneumoniae. After incubation at room temperature for 2 h, these
o **2 —3were centrifuged at 450 g for 10 min at 4 C. One in ten, 10~ and 10~
dilutions of the resulting supernatants were prepared in the 2 broth
media and incubated at 37°C aerobically, after 0.1 ml from the 10”^
DPB (ASK) broth had been transferred to HSA and HSA (ASK) plates* The
-»1
same volume of the 10 TSB (ASK) broth was transferred to TSA and TSA 
(ASK) plates, and all the plates were incubated as described in the 
general materials and methods section. All broths were subcultured to 
solid and liquid medium on days 8, 12 and 16. On day 22, the day 16 
broths were subcultured to solid and liquid medium.
Cloning Procedure
All the isolates were cloned from solid medium by picking off an 
isolated colony with a drawn-out micropasteur pipette and pipetting this 
into 0.2 ml of Difco PPL0 broth. After thorough mixing, 0*1 ml from this 
broth was inoculated onto horse serum agar and incubated at 37°C until 
colonies were well developed. A colony uias then picked from this plate 
as the second clone, and each isolate was cloned 3 times by this method.
RESULTS
Several mycoplasmas were isolated from 4 swine lungs by the modified
Goodwin and Hurrell method. Isolates 483, 499 and 508 were all obtained
from lungs bearing those numbers, using DPB liquid medium. Isolates 495,
495(1), 495(2) and 495(3) were obtained using tryptone soya broth from
lung 495. The broths from which these isolates were obtained all showed
a colour change on initial isolation by day 3. Isolate 483 was obtained 
-1from the 10 original broth, and was then subcultured once in DPB broth 
before being plated onto horse serum agar and subsequently cloned. 499 was
—'I
obtained from the 10 DPB original broth and was subsequently subcultured 
3 times in DPB medium before being cloned from horse serum agar.
The 495 isolates were obtained from the 10 tryptone soya broth, and 
were subcultured twice in TSB broth before being plated onto horse serum
agar, where 4 distinct colony types were observed. Isolate 495 was 
cloned from a typical "fried egg" colony, while 495(3) was cloned
from a colony with no central spot. 495(1) was cloned from a flatter
colony which had a pitted surface, but which in addition exhibited a 
small central spot, whilst 495(2) was cloned from a colony which 
possessed a large irregular central spot. On subsequent cloning,the 
colonial morphology of 3 of the 4 types changed. Isolate 495 became 
more pitted but still had a prominent central spot and 495(2)*which 
previously had a rather irregular central spot, became more regular. 
Isolate 495(3) changed from being a pitted colony to being slightly 
pitted but with a pronounced central spot. The colonial morphology of 
495(1) did not change during cloning. The colonial morphologies of 2 
of these 4 types after cloning are shown in plates 1 and 2. The 
difference in colonial morphology of these 4 types after cloning was
consistent on different batches of solid medium. 508 was isolated from
—2the 10 DPB initial broth and was subcultured 3 times before being plated 
onto horse serum agar and subsequently cloned.
The 7 isolates were typed by the growth inhibition test and all
were found to be strains of Fl. hyorhinis. although there were antigenic 
differences. A more detailed serological analysis of these strains is 
given in later sections.
DISCUSSION
J2» hyorhinis was isolated from 4 out of 16 (25^) of the swine 
lungs examined, but no M. suipneumoniae isolations were made. The 
incidence of M. hyorhinis in swine lunos has been reported as 50^
(L’Ecuyer et al., 1961), 20% (Ross, 1963), 42^ (Harris et al., 1969) 
and 41^ (Pijoan and Roberts, 1973), and the latter authors isolated
H. suipneumoniae from only 3^ of swine lungs showing the characteristic 
lesions of enzootic pneumonia.
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The inability in this study to isolate H. suipneumoniae from 
lung samples was not attributable to insufficient subculture, since all 
lung material was subcultured blindly through at least 2 passages before 
being discarded, and blind subcultures were made from the original 
isolation broth at least twice between 10 and 18 days after initial 
broth inoculation.
Kaklamanis, Stravropoulos and Thomas (1971) concluded that lytic
mycoplasmacidal factors were sometimes present in tissue extracts. They
were unable to isolate mycoplasmas from concentrated tissue homogenates,
but isolations were made from dilutions of these homogenates, thus
confirming the results of Friis (1971a and c). In my study, lung
■—3
homogenates were always diluted to 10 on initial broth inoculation,
and in many instances they were diluted to 10
Although all the media used supported the growth of a standard 
culture of fl. suipneumoniae (10110) satisfactorily! this strain is one of 
the easiest to culture while the vast majority of fresh M. suipneumoniae 
isolates grow very poorly in artificial medium (Whittlestone, personal 
communication, 1972). It is therefore possible that H. suipneumoniae 
was not isolated because the media used was inadequate.
When 4 distinct colony types were observed on solid medium 
inoculated with broth culture derived from lung 495, it was thought 
that they may have represented more than 1 mycoplasma species, since 
Edward and Fitzgerald (1951) isolated and identified 3 new canine 
mycoplasma species by culturing mycoplasmas with differing colonial 
morphology. It is likely that the colonial morphology of 3 of the 495 
isolates altered during the cultivation of the 3 clones because of the 
effect of artificial medium on their growth. However, the differing 
colonial morphologies of the 4 strains were consistent on different 
batches of solid medium, and so these differences in colonial morphology
ar8 unlikely to be attributable to variations in the growth conditions 
in the agar plates# These findings emphasize the fact that differences 
in colonial morphology cannot be regarded as species-specific#
SECTION TWO
FLAT GEL POLYACRYLAMIDE ELECTROPHORESIS
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INTRODUCTION
Razin and Rottem (1967) argued that the classification of 
mycoplasmas*which is based largely on serological characteristics*is 
probably deficient because it represents only a small fraction of their 
genome, and that a technique which would detect genetic relatedness 
between microorganisms would be extremely valuable* They pointed out 
that the use of deoxyribonucleic acid base composition and nucleic acid 
hybridization techniques were probably the most direct means of 
ascertaining genetic relatedness that had been applied to mycoplasmas, 
but that these techniques were far too complicated for the average 
laboratory* They suggested, on the basis of their experiments, that 
polyacrylamide gel electrophoresis of whole cell proteins was a useful 
taxonomic tool for the study of mycoplasmas*
Razin (1968) suggested that small variations in the protein 
composition of cells, which might easily be detectable serologically, 
enzymatically or in pathogenicity experiments might not be discernible 
in their electrophoretic patterns and that this was an advantage in 
species identification, since minor genetic differences may not be 
revealed*
Acrylamide gels were developed by Oster (Oster, 1954; Oster, Oster 
and Prati, 1957), who used them as an embedding medium for sectioning 
frozen tissues. In 1959, Davis and Ornstein developed an acrylamide 
electrophoresis system which had high resolving power, and which 
separated molecules by both charge and molecular size and shape.
Several papers were published in the 1960*s which referred to the 
taxonomic significance of acrylamide gel electrophoresis in the study 
of various microorganisms, particularly the fungi (Chang, Srb and Steward 
1962; Stipes and McCoombs, 1965; Gottlieb and Hepden, 1966; Bent, 1967 
Nealson and Garber, 1967; Stipes, 1967; Gill and Powell, 1968;
Perberdy and Turner, 1968; Smith and Powell, 1968), bacteria (Lund,
1965; Huisingh and Durbin, 1965; Gill and Khare, 1968; Sacks, Haas 
and Razin, 1969) and viruses (Russel, Laver and Sanderson, 1968)*
Originally, paper was used as a supporting medium for electro­
phoresis, and this was followed by the use of starch gels (Smithies,
1955), but these were unreliable and required a lengthy preparative 
procedure (Ornstein, 1964). These supporting media were superceded by 
acrylamide gels, which were strong, thermostable, chemically inert, trans­
parent and relatively easy to prepare (Ornstein, 1964)*
Rottem and Razin (1967) were the first to use polyacrylamide gel 
electrophoresis of mycoplasmal membrane proteins although Fowler,
Coble, Kramer and Brown (1963) had examined a number of mycoplasmas by 
starch gel electrophoresis, and had suggested that the electrophoretic 
separation of mycoplasmal proteins could be used as a method of classifying 
these organisms* Rottem and Razin (1967) used a-modification of the 
technique reported by Takayama, MacLennan, Tzagoloff and Stoner in 1966, 
in which the gels were polymerized in glass tubes in the presence of ZS% 
acetic acid and 5 molar urea. The acetic acid and urea served to transform 
the hydrophobic membrane proteins to their monomeric form, and to prevent 
the reaggregation of the monomers during their migration in the gels.
The membrane proteins were dissolved in phenol-acetic acid-water, which 
was first used by Work (1964) to solubilize the structural protein of 
encephalomyocarditis virus.
Many other workers have used the polyacrylamide gel electrophoresis 
technique as described by Razin and Rottem (1967) for species identification. 
Haas, Sacks and Razin (1968) showed that M* pneumoniae* M* fermentans*
M* hominis* M. salivarium* M* orale type 1 and M. orale type 2 could be 
differentiated by polyacrylamide gel electrophoresis, and Theodore, Tully 
and Cole (1971) differentiated bacterial L-forms and mycoplasmas of human
origin using the same technique. Forshaw (1972) was able to 
differentiate between the electrophoretic protein patterns of FL pulmonis, 
H* neurolyticurn, FL arthritidis, FL hominis and FL fermentans and several 
workers (Armstrong and Yu, 1970; Tully, Barile, DelGuidice, Carski, 
Armstrong and Razin, 1970; Rosendal, 1973a and b) have reported the 
differentiation of canine mycoplasmas by polyacrylamide gel electrophoresis 
Dellinger and Oasper (1972) obtained 9 distinct electrophoretic patterns 
using mycoplasmas isolated from cattle and horses.
Regarding porcine mycoplasmas, Tully and Razin (1969) reported that 
the electrophoretic protein patterns of A, laidlawii and A_. qranularum 
were similar, but not identical, which was confirmed by Theodore, King, 
Tully and Cole (1970), who also examined various avian, bovine, murine, 
canine and feline mycoplasma species and found them all to be electro— 
phoretically distinct. Ross and Karmon (1970) showed that FL hyosynoviae, 
FL hyorhinis, A. qranularum, £. laidlawii and 13 non-swine,arginine- 
utilizing mycoplasmas were electrophoretically dissimilar.
Several workers have examined mycoplasmas at the sub-species level, 
and electrophoretic homogeneity has been observed within the species 
Fl. qallisepticum (Rottem and Razin, 1967), Fl. salivarium (Haas et al., 
1968), FL mycoides subsp. mycoides (Razin, 1968). Fl. edwardii (Tully et al. 
1970),-jl. hyosynoviae (Ross and Karmon, .T970), Fl. hyorhinis (Gois, Kuksa, 
Franz and Taylor—Robinson, 1974) and within the ureaplasmas (Razin, 
l/aldesuso, Purcell and Chanock, 1970; Taylor-Robinson, Flartin-Bourgon, 
Watanabe and Addey, 1971).
Razin (1968) showed that 5 strains of Fl. hominis were electro— 
phoretically dissimilar and Hollingdale and Lemcke (1970), using poly­
acrylamide gel electrophoresis, showed that the membrane proteins of 
various strains of FU hominis were heterogeneous and that the soluble 
fractions were less heterogeneous.
Forshaw (1972) observed reproducible differences between several 
strains of FJ. pulmonis, however all but one possessed a basically 
similar electrophoretic pattern. The significance of these differences 
is difficult to evaluate since the electrophoretic run length was not 
standardized.
Many workers have reported that the age of culture does not influence 
the number of bands obtained (Razin and Rottem, 1967; Zola, Baxendale and 
Sayer, 1970; Forshaw, 1972), but these observations are contradicted by 
Armstrong and Yu (1970) who observed that the age of broth culture affected 
the protein patterns of 2 different canine mycoplasma species. Rosendal 
(1973a) also noted this effect with canine mycoplasmas grown in broth 
containing horse serum. Uninoculated broth gave a few protein bands 
which increased in number and intensity with increasing incubation time, 
so that after incubation for 7 days, inoculated and uninoculated broth 
sediment gave similar electrophoretic patterns, A much less marked 
change in electrophoretic pattern was obtained using broth containing 
PPLO serum fraction in place of horse serum, and unihoculated control 
medium only gave one weak band after incubation for 7 days. Common bands 
in the electrophoretic patterns of several strains of Fl. canis, Fj. edwardii 
and -Fl.-. spumans (Rosendal, 1973a) did not correlate well because the electro­
phoretic run length was not standardized, making the comparison of protein
patterns difficult. It is also clear that electrophoretic analysis of the 
same mycoplasma in different laboratories can give differing protein
patterns (DelGuidice, Carski, Barile, Lemcke and Tully, 1971). However,
since the differences observed by DelGuidice et al. (1971) were confined to
the relative intensity of certain bands, it is likely that this phenomenon
was attributable to variation in cultural techniques.
In 1970, Zola ej: al. reported the electrophoresis of mycoplasma 
proteins using a modification of the technique of Rottem and Razin (1967).
However, instead of using the tubular gel system previously reported 
for polyacrylamide electrophoresis of mycoplasmas, Zola et al. (1970) 
employed the slab polyacrylamide gel apparatus used by Ackroyd (1967) 
for the examination of serum proteins. This system has an advantage 
over the more commonly used tube method in that many different samples 
can be applied to one gel, and run under identical conditions.
In the present study the flat gel polyacrylamide electrophoresis 
technique was standardized, the factors likely to influence the electro­
phoretic profile of mycoplasma proteins were investigated and the 
technique was used for the analysis of swine mycoplasmal proteins.
MATERIALS AND METHODS
Materials
Acetic acid glacial (Analar), (B.D.H. Chemicals Ltd., Poole,
Dorset).
Acrylamide pure, (Koch-Light Laboratories Ltd., Colnbrook,
Bucks), stored at 4°C.
NjN’-methylenebisacrylamide, (Eastman Chemicals, Kirkby,
Liverpool), stored at 4°C.
N,N,N*,N*,tetramethylethylenediamine,(Eastman Chemicals,
Kirkby, Liverpool), stored at 4°C.
Ammonium persulphate (Analar), (B.D.H. Chemicals Ltd., Poole,
Dorset).
Urea (Analar), (B.D.H. Chemicals Ltd., Poole, Dorset).
Phenol (Hopkins and Uilliams Ltd., Chadwell Heath, Essex).
Coomassie blue *RL* (Michrome No. 100), (Edward Gurr Ltd., London).
A 1% (w/v) aqueous stock solution was stored at 4°C*
Rhodamine 6G (B.D.H. Chemicals Ltd., Poole, Dorset).
Trichloroacetic acid (TCA), (Analar), (B.D.H. Chemicals Ltd., 
Poole, Dorset).
Methanol (Analar), (B.D.H. Chemicals Ltd., Poole, Dorset). 
Glycerol (Priced Chemicals Ltd.).
Wax bath (melting point 60 — 80°C).
Whatman SMM chromatography paper. A rectangular strip, as wide 
as the gel chamber and covered in polythene to reduce evaporation 
was used as the wick.
Two stock solutions were prepared. Both were stored at 4°C.
Solution 1
Acrylamide 
Bisacrylamide 
Urea
Acetic acid 
Distilled water
Solution 2
Ammonium persulphate 
Urea
Distilled water
This solution is unstable, and was always discarded 2 weeks 
after preparation, unless used.
6.00 g 
0.16 g
12.00 g
28.00 ml 
To 60.00 ml
0.30 g
12.00 g 
To 20.00 ml
Electrophoresis Apparatus
The apparatus is shown in plate 3 and figures 1 and 2* A D.C. 
power pack with an output of 0 - 300 volts and 0 - 3 0 0  milliamps (ma), 
made at these laboratories, was used throughout. The cell comprised 
2 glass plates (100 x 120 mm), one of these plates having 2 glass 
spacing strips, one at either end, attached with *Araldite* adhesive. 
The plates were cleaned with abrasive detergent, wiped over finally 
with acetone, and petroleum jelly was rubbed onto the glass spacing 
strips. The 2 glass plates (1.5 mm apart), wers held together with 
2 bulldog clips and placed vertically in a bath of molten paraffin wax 
which was allowed to solidify.
Methods
Preparation of Polyacrylamide Gel
Polyacrylamide gels were prepared according to the method of 
Takayama et al. (1966), by mixing 15 ml of solution 1, 5 ml of 
solution 2 and 0.1 ml of N,N,N*,M*,tetramethylethylenediamine. This 
unpolymerized material was degassed under vacuum and carefully 
pipetted into the cell standing in the wax bath. A 10 mm space left 
above the mixture was filled with 75% acetic acid and after poly­
merization at 50°C for 30 min the gels were usually stored overnight 
at room temperature. Before use the chamber was detached from the wax 
the top surface was washed with 10% acetic acid and 8 x 4 mm strips of 
silicone rubber (spacers) were pushed down onto the gel surface 8 mm 
apart and covered with 10% acetic acid. A 1 ml disposable syringe 
fitted with a fine needle was used to introduce 0.04 ml volumes of the 
protein extracts between the spacers. A uick, Uhatman 3MM chroma­
tography paper cut to fit exactly the width of the cell and covered 
with a thin polythene sheet, connected the acid above the gel to a
Plate 3
The Flat Gel Polyacrylamide Electrophoresis Apparatus. 
Overall dimensions were 20 x 21 cm, and 20 cm high.
A = Upper chamber (anode); B = Lower chamber (cathode); 
C = Wick; D = Glass cell containing the gel;
E = Bulldog clip and F = glass spacing strips.
SYRINGE
GLASS PLATE
75$ ACETIC 
ACID
SPACING STRIP
BULLDOG
CLIP
WAX
H sjlL
Diagrammatic representation of the overlaying of the unpolymerized 
gel mixture in the cell with 75$ acetic acid, prior to 
polymerization (from Ackroyd, 1967)*
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Fig. 2
Diagrammatic representation of side view of flat gel 
polyacrylamide electrophoresis apparatus.
reservoir of 10% acetic acid containing the positive electrode.
The base of the cell rested in a reservoir of 10% acetic acid which 
contained the negative electrode. Air bubbles were removed from 
beneath the gel with a syringe and bent needle. Extracts were 
electrophoresed at 10 ma for 15 min when the wick was removed, and 
the gel surface was carefully washed with 2 ml of 10% acetic acid after 
removal of the spacers. The wick was replaced and electrophoresis 
continued for about 7 h at 10 ma until the leading edge of the
indicator dye reached the bottom edge of the gel. The gel was removed
from the glass cell and stained for 30 min in an aqueous solution of
0.05% (w/v) coomassie blue and 10% (w/v) trichloroacetic acid (Chrambach, 
Reisfeld, Wyckoff and Zaccari, 1967). Gels were destained over a period
of 1 - 2 days in several changes of an aqueous solution of 2% acetic
acid, 20% methanol and 0.1% glycerol.
Preparation of Antigens for Flat Gel Polyacrylamide Electrophoresis
Solubilization of Protein
Antigen was thawed, and after centrifugation at 2,500 g for i h,
the pellet was solubilized in the phenol-acetic acid-water mixture
(2 gj 1 ml: 0.5 ml). In earlier experiments 0.2 ml phenol-acetic
acid-water per 1 mg protein was used, but for later work this was
*
adjusted to 0.1 ml phenol-acetic acid-water per 1 mg • After thorough 
mixing,.the extract was incubated at room temperature for 1 h before the 
addition of 0.02 ml of a 1% (w/v) solution of rhodamine-G in phenol- 
acetic acid-water. This solubilization procedure sometimes left a 
trace of insoluble residue. Sediments from uninoculated broths were 
also solubilized.
The protein concentration of extracts applied to any one gel was 
always the same.
As- Determination of the Optimum Conditions for Electrophoresis
When flat gel polyacrylamide electrophoresis was conducted as 
described by Zola et al. (1970), the protein bands migrated on a convex 
front, and in an attempt to eliminate this distortion, M. hyosynoviae 
(S16) antigen, prepared as in the general materials and methods section, 
was used to examine the effect of current and gel thickness on the
electrophoretic pattern.
H. hyosynoviae (S16) antigen was also used to investigate the total
protein content suitable for optimum band definition. Extracts of 
JH* hyosynoviae (S16) antigen containing different volumes of the phenol- 
acetic acid-water mixture per 1 mg protein were examined to determine the 
most suitable level of phenol-acetic acid-water, and using this concentration 
of protein*the effect of applying different volumes of extract to the gel 
was investigated.
The standardized electrophoresis technique, as described in 
materials and methods, was used to produce protein patterns of Fl. hyo— 
synoviae (S16) which were stained using variations of the procedure reported 
by Zola et al. (1970). After electrophoresis, the gel was sliced into
9 longitudinally cut strips, and each piece of gel was stained differently
as follows:- .
I. Stained for 60 min, then destained gradually (as described 
previously).
2. 30 min in 12.5% TCA, stained for 60 min then destained
gradually.
3. As 1, but using half strength stain.
4. As 1, but destained rapidly in 3 h using many changes of
destaining solution*
5. As 1, but destained slowly over 3 — 4 days using infrequent 
changes of destaining solution.
6. As 1, but using three-quarter strength stain.
7. As 1, but using a fresh batch of €oomassie blue. v
8. Stained for 30 min, then destained gradually.
9. Stained for 90 min, then destained gradually.
JN. hyosynoviae (S16) antigen was stored in aliquots at —70°C and 
samples were extracted at intervals over 8 months and examined by 
flat gel polyacrylamide electrophoresis.
Sediment from uninoculated control broths was examined. Thus,
2 litre volumes of Switzer’s DPB broth (used for growing N. suipneumoniae) 
and BBX broth (used for growing ri. hyorhinis. R. hyosynoviae and 
A* Qranularum) were incubated at 37°C,and 1 litre of each broth was 
harvested (as for antigen) after 4 and 6 days incubation. These 4 
samples were compared by electrophoresis with extracts of FU suipneumoniae 
(10110) and ' M* hyosynoviae (S16).
B:- The Effect of Age of Broth Culture on Electrophoretic Patterns 
Growth of Antigen
For each organism (except M. hyosynoviae strain S16), 1 litre 
of broth was inoculated and incubated as described in the general 
materials and methods section; for S16, 50 ml of actively growing 
culture was inoculated into 500 ml of broth. Samples were removed 
from the broth cultures on several days after inoculation, centrifuged 
at 2,500 g for 1 h at 4°C, and washed 3 successive times with PBS, 
each time centrifuging at 2,500 g for 30 min. Finally, the antigen 
was resuspended in 5.5 ml of PBS and stored at -70°C as 5 ml (for flat 
gel polyacrylamide electrophoretic analysis), and 0.5 ml (for protein 
estimation).
Two hundred ml of young broth culture was usually required to 
provide sufficient protein for electrophoresis runs, but from oldBr 
cultures smaller volumes of broth were generally adequate. H. hyo— 
synoviae grew so well in BBX broth, that 50 ml of old broth culture 
(day 6) provided sufficient antigen for at least 3 electrophoresis 
runs.
Five ml aliquots were removed from the broths each day (up to 
day 7 for all organisms, but longer for some), for estimation of the 
colony-forming units (cfu). Tenfold dilutions of broth culture aliquots 
were prepared, and 0.1 ml was inoculated onto BBX solid medium, using one 
plate per dilution. The colonies were counted with the use of a binocular 
microscope (X25) after 14 days* incubation. The pH of these aliquots was 
measured using a model 23A pH meter (Electronic Instruments Limited, 
Richmond, Surrey).
C:— Comparison of Swine Mycoplasmas 
Growth of Antigen
Antigens were grown as described in the general materials and 
methods, and were harvested on the day that from previous experiments 
was shown to give the best electrophoretic pattern, as shown in table 2. 
Because they grew at different rates, strains of the same species were 
harvested from broth culture at different times.
TABLE 2
Times of harvest of broth cultures for flat gel 
polyacrylamide electrophoresis
SPECIES STRAIN TIME IN DAYS
M. hyorhinis MH31 ’ 2
M« hvorhinis S218 2
M. hvorhinis 483 2 ■:
M. hyorhinis 499 2 .
M# hyorhinis 508 ;; 2
M. hvorhinis 495(1) 3
M# hyorhinis 495(2) 3 ' • .
hvorhinis 495(3) . ■ 3 ..
hvorhinis TR32 3
M* hvorhinis 10130 4
M. hyorhinis 495 : 4
M» hyorhinis GOL 5
M# hyosvnoviae S16
.■■ ■ 2
M* hyosynoviae P45 2
M# hyosynoviae M6Q 2
A# granularum 10128 1
M. suioneumoniae EP28 5
M* suipneumoniae 10110 6
M* suipneumoniae EP29 6
M« suipneumoniae 10127 7
Ds— Effect of Successive Subculture on the Electrophoretic Patterns
of various Mycoplasmas
Several mycoplasmas and an acholeplasma were investigated. These 
organisms were subcultured in broth twice weekly and broth from every 
fifth subculture was stored (-70°C). The routine subculture inoculum 
for all the strains was 0.1 ml into 2 ml. For antigen production,
25 ml of actively growing culture was inoculated into 1 litre of broth 
and harvested as described in the general materials and methods section 
after the incubation periods indicated in table 2.
The number of passages for each strain, from the time of receipt 
to antigen production is shown in table 3. For routine flat gel 
polyacrylamide electrophoresis analysis, organisms were examined at a 
low passage level. The high passage number refers to the number of 
times the strain had been subcultured before examination by flat gel 
polyacrylamide electrophoresis.
TABLE 3
Passage Number of Porcine Mycoplasmas examined by 
Flat Gel Polyacrylamide Electrophoresis
SPECIES STRAIN
HIGH 
PASSAGE NUMBER
PASSAGE NUMBER ON 
ROUTINE EXAMINATION 
BY ELECTROPHORESIS
M. hvorhinis MH31 74 5
M. hvorhinis 508 42 5
M. hvorhinis 499 42 ' 5
PI. hyorhinis S218 67 4
A. qranularum 10128 89 5
M. hvosvnoviae S16 96 7
JH* liy.osyngylag >160 85 4
M. hvosvnoviae P45 72 " 5
RESULTS
A. When electrophoresis was initially conducted using the method 
of Zola et al. (1970), convex distortion of the electrophoretic 
pattern occurred. At the time, it was thought that this distortion 
was caused by overheating in the gel, and in an attempt to reduce this
effect, gels were reduced in thickness to 1.5 mm and the current was
lowered to 10 ma throughout the run.
This eliminated the distortion, but in later experiments it was
found that if the wick was not as wide as the gel, even though it was
vertically above the samples undergoing electrophoresis, distortion 
occurred (plate 4), and when electrophoresis was repeated using the 
method of Zola et al. (1970), with the wick as wide as the gel, only 
slight distortion was observed. The size of the wick was not controlled 
in earlier experiments, and it seems that this was the most important 
factor giving rise to distortion.
To determine the amount of protein required for optimum band 
definition. M. hyosynoviae (S16) antigen was extracted with different 
volumes of phenol-acetic acid-water per 1 mg protein (plate 5). The 
intensity of the electrophoretic bands was directly proportional to the 
concentration of protein in the extract, and the extracts with the 
highest protein concentrations (0.05 ml phenol—acetic acid-water per 
1 mg protein and 0.1 ml phenol-acetic acid-water per 1 mg protein) gave 
the best electrophoretic patterns, but it was observed that in these 
extracts the protein was not completely dissolved by the phenol-acetic 
acid-water, leaving visible sediment. As incomplete solubilization 
could lead to some proteins being preferentially dissolved, the 0.2 ml 
phenol-acetic acid-water per 1 mg protein was chosen to investigate the 
optimum volume of extract to electrophorese. Different volumes of 
extract were applied to the gel, and 0.04 ml gave the best band 
definition (plate 6).
Plate 4
12 samples of an extract of M. hyosynoviae 
(S16) subjected to electrophoresis using a 
wick placed above the middle 10 samples. 
(0*2 ml phenol-acetic acid-water per 1 mg 
protein).
Plate 5
Different concentrations of M. hyosynoviae 
(S16) protein extract applied to a gel. 
From left to right 1 ml, 0.5 ml, 0.4 ml, 
0.3 ml, 0.2 ml, 0.1 ml and 0.05 ml phenol- 
acetic acid-water per 1 mg protein.
—  i a —
Plate 6
Different volumes of £},• hyosynoviae 
(S16) protein extract applied to the 
gel* (0*2 ml phenol-acetic acid- 
water per 1 mg protein). Prom left 
to right 0.03 ml, 0,04 ml, 0.05 ml,
0.05 ml and 0.07 ml.
When strips of PI. hyosynoviae (S16) gel were stained by 
different methods, no significant differences in the intensity of the 
electrophoretic patterns were found, and so method no* 8 was adopted 
for routine use.
Samples from the same batch of IV hyosynoviae (S16) antigen, 
extracted at different times, gave identical protein patterns and the 
antigen harvests could be stored at —70°C for at least 8 months 
without any deterioration in the quality of the protein bands. The 
harvests from uninoculated broths were very low in protein and on 
electrophoresis gave a few faint bands (plate 7).
B. The electrophoretic fingerprint of IV hyosynoviae (S16) was 
found to be influenced by the age of broth culture (plate 8). In the 
upper part of the gel there was a strong line (arrowed) visible after 
incubation for 1 day which gradually became weaker, and there were 
several weaker lines which were very much stronger after incubation for 
2 days, the optimum time for antigen harvest. The fingerprint became 
generally weaker with increasing age of broth culture.
The effect of age of broth culture on electrophoretic pattern 
was also investigated using other mycoplasmas and an acholeplasma, but 
in all of them except PI. suipneumoniae, the electrophoretic fingerprint 
became generally weaker with increased age of broth culture, and this 
sometimes caused a diminution in the number of detectable bands. The 
P45 strain of PI. hyosynoviae gave a strong fingerprint after incubation 
for 2 days (plate 9), but the protein patterns from older broth culture 
were much weaker. The P160 strain of PI. hyosynoviae gave a generally 
weak fingerprint (plate 10), but the electrophoretic pattern after 
incubation for 2 days was the strongest, antigen harvested before and 
after this time giving a very much weaker protein pattern. Plate 11
Plate 7
Electrophoretic patterns of extracts of:
1. FU hyosynoviae (S16);
2. BBX uninoculated broth sediment (day 4)
3. BBX uninoculated broth sediment (day 6)
4. DPB uninoculated broth sediment (day 4)
5. DPB uninoculated broth sediment (day 6)
6. M. suipneumoniae (10110).
(0.2 ml phenol-acetic acid-water per 1 mg 
protein).
O I —
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Plgte 8
Electrophoretic patterns of extracts of 
ill* hyosynoviae (S16) antigen from broth 
culture harvested after incubation for 
1,2,3,4,5,8 and 9 days. (0.2 ml phenol* 
acetic acid-water per 1 mg protein).
Plate 9
Electrophoretic patterns of extracts 
of M. hyosynoviae (P45) antigen from 
broth culture harvested after incubation 
for 2 ,3 ,4 ,5 ,6 ,10 ,11 ,12  and 13 days.
(0.2 ml phenol-acetic acid-water per 
1 mg protein).
Plate 10
Electrophoretic patterns of extracts of 
M. hyosynoviae (H60) antigen from broth 
culture harvested after incubation for 
1,2,3,4,5 and 7 days. (0.2 ml phenol- 
acetic acid-water per 1 mg protein).
shows the growth curve for the 3 strains of PL hyosynoviae. and 
plate 12 shows the pH changes in the PL hyosynoviae and A. qranularum 
(10128) broth cultures.
A., qranularum (10128) gave a strong electrophoretic fingerprint 
when harvested from 2 day-old broth culture, but antigen harvested 
from older cultures gave a very much weaker pattern (plate 13), even 
though the growth curve shows that the broth culture did not reach 
maximum viability until day 5 (plate 14).
Strains 483, 499, 508, P1H31 and S218 of PL hyorhinis were 
examined for the effect of age of broth culture on their electro­
phoretic patterns (plates 15 to 17). The fingerprints became generally 
weaker in all 5 strains with increasing age of broth culture without 
the basic pattern altering. Plate 18 shows that maximum viability for 
all 5 of these strains was reached after incubation for 2 days in broth 
culture, and the pH changes in the 5 broth cultures are shown in plate 19.
When.'PL suipneumoniae (10110) was harvested from broth culture 
after incubation for 4,6,7 and 9 days, there was no significant difference 
in the protein patterns obtained (plate 20).
C. Nine of the 12 strains of PL hyorhinis examined exhibited the 
same basic electrophoretic protein pattern (plate 22, columns 1 — 4 
and 8 — 12), and although the fingerprints of the other 3 strains 
(plate 22, columns 5 - 7) were very much alike, they nevertheless 
differed considerably from the other group. This difference was 
confined principally to the intensity of certain bands. PL suipneumoniae 
strains 10110 and EP29 possessed very similar fingerprints (plate 21) but 
no bands developed with extracts of strain 10127, although the samples 
contained an appreciable amount of protein.
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PLATE 11
GROWTH CURVE FOR M.HYOSYNOVIAE STRAINS
9.0
8.0
. 7 .0
5 .0 A M60
4 .0
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1.0
6 82 530 1 4 7
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PLATE 12
PH CHANGES IN M  .HYOSYNOVIAE AND 
A.GRANULARUM BROTH CULTURES
8.1
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7.2
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Plate 13
Electrophoretic patterns of extracts of 
A_. qranularum (10128) antigen from broth 
culture harvested after incubation for 
2,4,6,7,10,11,12 and 13 days. (0.1 ml 
phenol-acetic acid-water per 1 mg protein).
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PLATE 14
GROWTH CURVE FOR A . GRANULARUM
7.0
6.0
5 .0
1 2 3 4 5 6 7 8 9
DAYS
Plate 15
Electrophoretic patterns of extracts of 
H* hyorhinis (499) antigen from broth 
culture harvested after incubation for 
2,3,4,5,6,7 and 11 days, (0,1 ml phenol' 
acetic acid-uater per 1 mg protein).
508 J MH31
Plate 16
Electrophoretic patterns of extracts of 
ill* hyorhinis (508) antigen from broth 
culture harvested after incubation for
2,4,6 and 10 days and M, hyorhinis (NH31) 
antigen from broth culture harvested 
after incubation for 2,4,6 and 10 days, 
(0,1 ml phenol-acetic acid-water per 1 mg 
protein).
483 S218
Plate 17
Electrophoretic patterns of extracts of 
£L* hyorhinis (483) antigen from broth 
culture harvested after incubation for
2,4,6 and 10 days, and FU hyorhinis 
(S218) antigen from broth culture 
harvested after incubation for 2,4,6 and 
10 days. (0.1 ml phenol-acetic acid- 
uater per 1 mg protein).
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PLATE 18
GROWTH CURVE FOR M.HYORHINIS STRAINS
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P H  C H A N G E S  IN M . HYORHINIS B R O T H  C U L T U R E S
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PLATE 20 
Electrophoretic patterns 
of extracts of Jfl. suipneumoniae 
(10110) antigen from broth 
culture harvested after 
incubation for 4,6,7 and 9 days. 
(0.2 ml phenol-acetic acid— 
water per 1 mg protein).
PLATE 21 
Electrophoretic patterns of 
extracts of the 10110 and 
EP29 strains of sui­
pneumoniae. (0.2 ml phenol- 
acetic acid-water per 1 mg 
protein).
Plate 22
Electrophoretic patterns of extracts of 12 
N. hyorhinis strains. 1_« 508; £. 499;
£. 483; 4. 495; ,5. 495(1); 6. 495(2);
2* 495(3); j3. S2185 £• TR32; 1£* 10130;
11. MH31 and GDL. (0.1 ml phenol-acetic
acid-water per 1 mg protein).
Several differences were observed between the protein patterns 
of the 3 strains of FU hyosynoviae. although they shared the majority 
of bands (plate 23, columns 1 - 3).
The patterns of the 4 different species revealed marked 
differences, although there were a few shared bands (plate 23, columns 
3 - 6).
0* When the mycoplasmas which had been passaged many times in broth 
culture were cultured for antigen and examined by polyacrylamide gel 
electrophoresis, no differences were observed between the protein patterns 
derived from these high passage cultures, and the corresponding low passage 
cultures used for routine analysis.
DISCUSSION
The conditions selected for flat gel polyacrylamide electrophoresis 
in the present study were similar to those recommended by Ackroyd (1967), 
and under these conditions the technique allowed the comparison of several 
protein extracts in parallel.
The most important drawback of this technique turned out to be the 
convex distortion of protein patterns caused by inadequate wick width. 
Irregularities in protein patterns have also been experienced when the 
electrodes in the apparatus did not extend across the whole width of the 
acetic acid reservoirs (Zola, 1973; personal communication), and it is 
most likely that these distortions were caused by a non-uniform electrical 
field.
It was generally found that there was considerable latitude in the amount 
of protein that could be applied to a gel before a change in electrophoretic 
pattern became detectable. However, there appeared to be one exception to 
this because A. qranularum gave additional protein bands when the extract
1 2 3 4 5 6
Plate 23
Electrophoretic patterns of 3 strains of M. hyosynoviae; 
1. H60; 2. P45 and 3. S16; 4# M. suipneumoniae 
(10110); 5* H. hyorhinis (508) and 6. jA. qranularum 
(10128). (0.2 ml phenol-acetic acid-water per 1 mg
protein).
was applied at a concentration of 0,1 ml phenol-acetic acid-water per
1 mg protein rather than 0.2 ml phenol-acetic acid-water per 1 mg protein. 
Because of this*it is suggested that all protein extracts be used at a 
level of 0.1 ml phenol-acetic acid-water per 1 mg protein.
It was found that there was less latitude as regards the volume of 
material that can be applied to a gel. Thus, 0.04 ml was chosen as the 
sample volume because larger volumes took so long to run into the gel 
that convex distortion occurred during the initial stages of electro­
phoresis, this time due to irregularities in the electrical field produced 
by the spacers.
Apart from such physical and chemical factors in the test, other 
factors concerned principally with the age of the culture and special 
features of the organism may influence the electrophoretic pattern. For 
instance, Dellinger and Oasper (1972) noted that _A. laidlawii gave a much 
weaker protein pattern than the other species they investigated,even 
though growth was heavy and the protein content of the preparations was 
standardized. A similar finding was noted with A. qranularum in this 
study, and this could be a property of all Acholeplasma species. However,
2 strains of fl. suipneumoniae (EP29 and 10110) also gave rather poor 
electrophoretic patterns, and the other strain tested (10127) did not give 
a visibly detectable protein pattern at all,despite there being sufficient 
protein in the culture sediment before extraction. Furthermore, Rosendal 
(1973a) suggested that the influence of cultivation time on the electro­
phoretic patterns reported by Armstrong and Yu (1970) for canine mycoplasmas, 
was largely the result of precipitated medium components. His evidence for 
this was that electrophoretic patterns of extracts of his canine mycoplasmas 
closely resembled the electrophoretic patterns obtained for uninoculated broth 
sediments when these were both harvested from broth incubated for 7 days. It 
is, however, worth noting that Rosendal centrifuged uninoculated broth and
broth cultures at 27,000 £  for 30 min, which might well have resulted 
in the deposition of protein aggregates and even some lower molecular 
weight proteins from the culture media,which contained 20^ horse serum* 
Razin et al* (1970) had also observed that a sizeable sediment was 
obtained when broth containing 20^ horse serum was incubated at 37°C 
for 48 h# However, they also used a centrifugation speed (15,000 rpm), 
which was likely to have precipitated the higher molecular weight serum 
proteins*
Rosendal (1973a) also showed that the number of protein bands 
obtained from uninoculated broth containing certain horse sera increased 
with increasing incubation time. In contrast to this, in my study, 
sediments from uninoculated broths only produced weak bands, and these 
bands were less intense in sediment from medium incubated for 6 days than 
in sediment from medium incubated for 4 days* However, electrophoretic 
patterns from uninoculated broth sediment and mycoplasmal sediment are 
not directly comparable because in this study the amount of protein from 
1 litre of.broth culture was 2*5 - 25 mg,whereas the amount of protein 
from 1 litre of uninoculated broth was never more than 1 mg.
With the strains investigated here,not only did ageing result in 
apparent loss of bands, but in 24 h cultures of the S16 strain of M, hyo- 
synoviae there was a distinct band which rapidly faded* The significance 
of this band and its subsequent disappearance has not been investigated 
further, but it is possible that the extra band, which occurred in the 
exponential phase of growth,could have represented a protein associated 
with log-phase growth, possibly a transient enzyme required for the 
synthesis of new cellular material* Alternatively, specific adsorption of 
medium components to the mycoplasma membrane could have occurred. For 
instance, Bradbury and Dordan (1971a and b , 1972) have shown that when 
M* qallisepticum is cultured in broth containing serum,-globulins become
attached to the surface of the organism, especially after prolonged 
incubation and in acid pHs. It is therefore possible that $ -globulins 
became attached to the surface of the organism used in my study.
However, since the electrophoretic patterns of most of the mycoplasmas 
I used became weaker on prolonged incubation in broth culture, it seems 
unlikely that the adsorption of-globulins to the mycoplasmal surface 
was of any significance. Attempts were made to culture the organisms 
used in this study in serum-free broth supplemented with cholesterol 
and palmitic acid, and in serum-free broth supplemented with serum fraction, 
but growth was unsatisfactory.
No general statement is possible regarding the optimum time of 
harvest with respect to the electrophoretic protein pattern, since the 
optimum fingerprint for M. hyorhinis and H..hyosynoviae corresponded with 
the top of the exponential phase of growth and the optimum protein pattern 
for _A. qranularum apparently corresponded with the bottom of the exponential 
phase. However, it must be noted that large inocula were used in the 
growth curve experiments, which explains why some of the growth curves 
do not have a very marked log-phase. Large inocula were used because in 
the initial phases of growth, too little antigen is present for poly­
acrylamide gel analysis, unless large volumes of broth are employed, and by 
using larger inocula sufficient antigen for analysis can be obtained sooner.
For PI. hyorhinis and JV hyosynoviae strains, the best electrophoretic- 
patterns appeared to correlate with maximum viability. At this point the 
mycoplasmas were in a good physiological condition, and later, as essential 
nutrients were depleted from the growth medium and the pH of the broth 
changed, the mycoplasmas degenerated and lysed to give a very much weaker 
electrophoretic pattern. However, this theory cannot be applied to 
Jl* qranularum, since the best electrophoretic pattern was obtained from 
cultures harvested 3 days before they reached maximum viability. In this
study, viability was determined by estimating the numbers of colony- 
forming units (cfu) present in the broth culture. It has been shown 
that one of the principal methods of mycoplasmal growth is binary 
fission (Keller and Morton, 1954; Bredt, 1973). Thus, in a young 
culture whose principal mode of reproduction is binary fission, the 
relationship between total protein and cfu should be linear. This 
appears to have been so forPI. hyorhinis and M. hyosynoviae. However, 
with many species, for example M. mycoides subsp. mycoides,there is a 
distinctly filamentous stage in the growth cycle (Freundt, 1958), which 
implies that cfu may be complex clusters of viable elements or large 
viable units. If this were so, then the relationship between total 
protein and cfu may not be linear. Such a situation may well apply to 
A. qranularum which appeared to contain most protein, and hence could 
have been most filamentous, when the colony count was relatively low.
The deterioration in the qranularum electrophoretic pattern is 
unlikely to be the effect of pH since the pH changes in the M. hyorhinis 
and A. qranularum broth cultures were very similar.
With all the species tested except for M. suipneumoniae. the 
protein patterns became weaker with increasing age of broth culture, and 
yet each sample on any one gel contained the same amount of protein. As 
the culture aged, therefore, there was a loss of detectable protein, and 
this was most probably caused by degeneration of mycoplasmal proteins 
into lower molecular weight, non-detectable material. However, the 
M. suipneumoniae (10110) protein pattern did not become weaker with 
increasing age of broth culture. Although it was not possible to obtain 
growth curves for this organism, it is possible that PI. suipneumoniae 
had not deteriorated in the old broth cultures tested, which would explain 
conveniently this stable protein pattern. Goodwin (1972) reported that 
M. suipneumoniae was recoverable from broth cultures left at room temperature
for 31 days and from inoculated solid medium incubated at 37°C for 
20 days, which would suggest that the organism is quite stable#
With regard to M. hyorhinis. strains 495(1), 495(2) and 495(3) 
gave a different protein pattern to the other strains investigated and 
this difference was confined to the intensity of certain bands, the 
basic protein pattern being the same for all the strains# This confirms 
the findings of Gois et al# (1974) who observed that the 7 JT. hyorhinis 
strains they studied gave the same basic electrophoretic pattern. The 
difference in intensity of certain bands noted in this study, may be 
attributable to the fact that the three 495 strains were inadvertently 
harvested earlier in the growth cycle than the other strains, since it 
has been shown that the protein patterns of fl. hyorhinis become weaker 
with increasing age of broth culture. However, it is generally agreed 
that minor differences in the relative staining intensities of some bands 
cannot be regarded as meaningful,because such differences can often be 
observed on comparing gels from different runs of the same preparation 
(Razin, 1975; personal communication). For classification purposes, 
similarity in numbers, distribution and alignment of bands have 
considerably more significance than the staining intensity of bands, as 
these are the factors which determine the "basic - pattern" characteristic 
of the species (Razin, 1968, 1975; Dellinger and Oasper, 1972; Rosendal, 
1973a; Rhoades, Phillips and Yoder, 1974).
Although there were differences in the protein patterns of the 3 
strains of M. hyosynoviae. they all shared the majority of bands*
However, there were striking differences in the passage history of these 
strains, for instance, the M60 strain of J1. hyosynoviae had already been 
subcultured 70 times in artificial medium when it was received, whilst 
the S16 strain had been passaged only 7 times. It was thought that the 
slight differences in electrophoretic patterns of the M. hyosynoviae
strains could have been due to their different passage levels, however, 
when they were further passaged in broth cultures and examined by flat 
gel polyacrylamide electrophoresis, they gave the same characteristic 
protein patterns previously found.
Common bands were seen between the different species examined, but 
each species gave a distinguishable protein pattern. It is possible that 
these common bands did in fact represent identical proteins, but with such 
a high density of protein bands in the different electrophoretic patterns 
it must also remain a possibility that these bands, by chance, coincided. 
In this system of electrophoresis, proteins are separated by means of 
their charge and their mass, so that it is possible for two proteins 
with differing masses and charges to correspond. This point could have 
been resolved by running these protein extracts in gels with different 
concentrations of acrylamide, but using the same pH buffer. It would 
have been interesting to stain the gels with histochemical dyes so that 
glycoprotein, lipoprotein and enzyme bands could have been identified.
In this way it may have been possible to show which band faded rapidly 
in the M. hyosynoviae (S16) protein pattern. An investigation of the 
effect of inoculum size on the protein patterns obtained from broth 
cultures incubated for different periods of time could also have proved 
very valuable.
The results of this study have shown that the flat gel poly­
acrylamide electrophoresis technique can be used for the comparison of 
the protein patterns of at least 12 different strains or species of 
mycoplasma in parallel, without the re-alignment of separate gel columns 
which is necessary with the tubular gel system. It is also easier to 
photograph and destain the flat gels than the tubular gel columns.
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INTRODUCTION
In a study of mycoplasmas isolated from the human genital tract,
Nicol and Eduard (1953) noted that incorporation of antiserum into the 
culture medium inhibited growth of the homologous organism but not 
growth of serologically unrelated organisms (serological relatedness 
being determined by the tube agglutination test). Edward and 
Fitzgerald (1954) then demonstrated that there was a direct relationship 
between the dilution of antiserum incorporated into the agar and the 
degree of growth inhibition which occurred. They also noted that the 
size of inoculum affected the extent of the growth inhibition.
The first major study involving the application of the technique 
was by Fabricant (i960) who classified 170 avian isolates into 6 groups 
by growth inhibition. He confirmed the species-specificity of the test 
reported by Edward and Fitzgerald (1954) by relating his growth 
inhibition results with agglutination tests reported by others.
Edward and Kanarek (1960) classified 34 avian mycoplasma strains 
into 3 species (M. qallinarum. JM. qallisepticum and M. iners) using 
growth inhibition and tube agglutination tests and certain biological 
characteristics. They noted excellent agreement between the results of 
tube agglutination and growth inhibition tests, especially with the 
M. qallisepticum and M. iners strains. However, Kelton and Van Roekel 
(1963) found that growth inhibition was actually more reliable than tube 
agglutination for typing avian mycoplasmas. These growth inhibition tests 
had been performed by incorporating the antiserum into the agar, but in a 
study of human mycoplasma strains, Huijsmans-Evers and Roys (1956) effected 
a considerable economy in the use of antiserum by applying it to filter 
paper discs which were then placed on the surface of seeded agar plates.
The antiserum diffused from the disc, giving a localized area of high 
antiserum concentration.
This technique was extensively evaluated by Clyde (1964) in his 
studies with 150 human mycoplasma strains which had previously been 
grouped into 4 species by complement fixation tests. He reported that 
the size of the zone of inhibition was dependent on two factors - the 
density of the inoculum and the potency of the antiserum used to 
impregnate the disc. Furthermore, he found that the zones of inhibition 
were unaffected by the depth of agar, thus contradicting the findings of 
Huijsmans-Evers and Ruys (1956). However, unlike Hui. jsmans-Evers and 
Ruys, Clyde standardized and reduced the inoculum and found the test 
completely species-specific.
Even with potent antisera, Zones of inhibition on plates inoculated 
with a profuse number of colony-forming units may not be detectable 
because "breakthrough” colonies appear within the zones (Taylor-Robinson, 
Fox and Chanock, 1965b). Purcell, Chanock and Taylor-Robinson (1969) 
found that a reduction in the titre of the inoculum resulted in larger 
zones of growth inhibition, which supported in effect the findings 
reported by Clyde (1964).
Despite its great specificity, the growth inhibition test is so 
insensitive that it is essential to use high titre hyperimmune sera, and 
it is rarely possible to dilute this antisera to any extent if clearly 
defined zones are to be produced. Edward and Fitzgerald (1954),
Fabricant (i960) and Kelton and Van Roekel (1963) have all reported that 
the production of growth inhibiting antisera could require prolonged 
immunization schedules.
Although work on human mycoplasma isolates has demonstrated 
satisfactory species identification by the growth inhibition test, 
Taylor-Robinson and Berry (1969) observed that hyperimmune rabbit sera 
to some FU qallisepticum strains inhibited the growth of only some 
strains of N. qallisepticum. With respect to porcine mycoplasmas, a
similar situation has been noted with FU hyorhinis (Dinter et al.t 
1965). However, Taylor-Robinson and Dinter (1969), working with the 
same strains of M. hyorhinis as Dinter et al. (1965), observed that 
the metabolism of all of the strains was inhibited in the metabolic 
inhibition test. Similar contradictory results with M. hyorhinis were 
observed by Purcell (1967) and Purcell, Wong, Chanock, Taylor-Robinson, 
Canchola and Valdesuso (1967). In an extension of their work, Dinter 
and Taylor-Robinson (1969) suggested that the inconsistencies in their 
growth inhibition test results with M. hyorhinis might be due to differences 
in the composition of the mycoplasma membranes.
Taylor-Robinson and Dinter (unpublished observations, 1970) were 
unable to improve the growth inhibition test by the addition of unheated 
guinea-pig serum to the specific antiserum. However, Roberts (1971) 
demonstrated that the addition of fresh, unheated horse serum to antiserum— 
impregnated discs already placed on inoculated plates, resulted in the 
inhibition of growth of all the M. hyorhinis strains he tested. When the 
fresh horse serum was incorporated with the antiserum in the disc and dried 
before being tested, it did not affect the normal activity of the anti- 
serum, thus, the growth of only some of the jjl. hyorhinis strains tested was 
inhibited. He concluded that the active component in the fresh horse serum 
was probably complement, but that it had no effect when dried with the 
antiserum in the disc because agar, being strongly anti-complementary, was 
able to neutralize the complement as it slowly diffused out of the disc.
Goodwin jsjb <al. (1967) showed that antisera prepared against 
M. suipneumoniae (10110) and H. hyopneumoniae (10127) inhibited the 
growth of both of these strains in- the growth inhibition test to the 
same extent, and M. suipneumoniae antiserum did not inhibit the 
growth of any of the other mycoplasma species tested. Ross and Karmon 
(1970) showed that 12 strains of M. hyosynoviae gave growth inhibition
zones with M. hyosynoviae antiserum but not with A. granularum or 
M.~hyorhinis antisera. In this study, the well and disc growth 
inhibition tests were standardized and applied to the study of porcine 
mycoplasmas.
MATERIALS AND METHODS 
Preparation of Culture Media
Liquid media were prepared as described in the general materials 
and methods section. One litre batches of solid media were prepared and 
dispensed in 8 ml volumes into 2 inch plastic petri dishes. The plates 
were dried by inverting in a 37°C incubator for 30 min and were used for 
the growth inhibition tests as well as for titrating stock cultures.
Preparation of standardized stock cultures
Cultures of M* hyorhinis. M. hyosynoviae and A. qranularum were
prepared initially by inoculating 2 ml of BBX broth with stock freeze-
dried ampoules (0.1 ml). These cultures were subcultured to 10 ml of
. o \
BBX broth, and when a colour change had occurred, they were frozen (-70 C)
in 0.1 ml volumes in flexible microtitre trays covered with adhesive tape.
M. suipneumoniae (EP29) was cultured by inoculating 1 ml of frozen
culture (-70°C) into 10 ml of DPB broth, and on reaching pH 7.0, this broth
culture was frozen as described above.
In order to standardize the stock culture for use in the GI test,
serial tenfold dilutions of stock culture were prepared in Difco PPL0
broth and plated onto solid medium. M. hyosynoviae, Ti. hyorhinis and
/U qranularum were grown on BBX agar medium and JM. suipneumoniae (EP29)
was grown on HSA medium. The plates were incubated inverted in an
atmosphere of 95/b N : 5$ C0o at 37°C, and on maximum colony development,
2 1
the dilution of stock culture which gave an average distance between
colonies of 1 to 2 colony diameters was chosen for use in the growth 
inhibition tests.
Preparation of Antisera and Impregnated Filter Paper Discs
Hyperimmune antisera were prepared in rabbits (as described in 
general materials and methods) and before use were inactivated at 56°C 
for 30 min. Whatman no. 2 filter paper discs, 6.5 mm in diameter, 
were impregnated with 6jjl of inactivated antiserum, freeze-dried and 
stored at 4°C until required.
Disc Growth Inhibition Technique
Agar plates were seeded with 0.2 ml of the appropriate dilution 
of stock culture (to give 1 to 2 colony diameters seeding level), and 
the inoculum was evenly spread by tilting and rotating the agar plate.
The inoculated plates were partly opened, and covered with sheets of 
perspex until the inoculum had soaked into the agar. Freeze-dried anti­
serum discs were then placed onto the agar using sterile forceps, and 
the agar plates were incubated as described previously. Control cultures 
were tested for sensitivity to unimpregnated sterile filter paper discs 
and discs impregnated with pre-immune rabbit sera, using standardized 
stock cultures on solid medium.
Well Growth Inhibition Technique
Agar plates were inoculated as described above, after which circular 
wells, 5 mm in diameter, were made and filled with 30^j1 of inactivated 
antiserum. Because the antiserum took a long time to diffuse into the 
agar in a closed plate, the plates were partly opened, and covered with 
perspex sheets for 15 min to allow the antisera to diffuse into the agar. 
Although 15 min was insufficient time for the antisera to diffuse
completely into the agar, longer exposure resulted in a sharp fall in 
the number of colonies which developed on each plate. When the anti- 
sera had diffused into the agar in the closed plates, they were 
incubated as previously described. Pre-immune rabbit sera were included 
in the well growth inhibition tests.
With both techniques, all experiments were carried out in 
duplicate, and in each experiment one antiserum was always tested in 2 
separate agar plates. All the tests were done on media prepared from 
the same batch of constituents. Plates were examined every day until 
maximum growth was observed. Zones of inhibition were inspected through 
a binocular microscope (25 X magnification) and were measured to the 
nearest millimetre from the edge of the disc or well to the point of 
50% growth inhibition.
RESULTS
The results of the disc and well growth inhibition tests are shown 
in tables 4 and 5.
Table 4 shows that 110 of the 144 tests on PL hyorhinis were 
positive by the well method, whereas only 57 were positive using the 
disc technique. Furthermore, the disc test was never found more sensitive 
than the well method and the size of the zones was significantly greater 
with the well technique. For instance, the average PI. hyorhinis zone 
using the well method was 4.6 mm compared with 1.2 mm using the disc 
technique. Inhibition of growth was obtained with antisera to all 3 
hyosynoviae strains when tested against each of the PL hyosynoviae 
antigens (table 5). The average GI zone with PL hyosynoviae using the 
well method was 10.6 mm, compared with 6.22 ram using the disc technique. 
This was a much less marked difference than that obtained in the homologous 
PI. hyorhinis growth inhibition tests. There was, using both techniques,
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TABLE 5
Comparison of h. suipneumoniae, A. qranularum 
and M. hyosynoviae by Growth Inhibition
ZONES OF INHIBITION (mm.) WITH 
RABBIT ANTISERA AGAINST STRAINS
ANTIGENS EP29 10128 n60 P45 516
M* suipneumoniae EP29 3(— ) -(-) -(-) -(-) -(-)
A. qranularum 10128 -(-) 8(5) -(-) -(-) -(-)
T). hyosynoviae P160 -(-) -(-) 9(6) 6(4) 8(6)
M. hyosynoviae P45 -(-) -(-) 13(6) 14(8) 12(7)
M. hyosynoviae S16 -(-) -(-) 11(6) 11(6) 12(7)
Figures in brackets represent zones of inhibition with 
the disc technique, those out of brackets the zones of 
inhibition with the well technique.
a wide range of zone sizes in tests with the 12 M. hyorhinis strains.
Growth inhibition of M. suipneumoniae (EP29) was only achieved with 
homologous antiserum using the well method.
The well and disc techniques were species-specific and zones of 
growth inhibition were not obtained in routine tests using pre-immune 
rabbit sera or filter paper discs containing no antiserum. However, 
in preliminary experiments with uninactivated antisera, non-specific 
zones of inhibition were observed using the well technique. These non­
specific zones were always eliminated by heat inactivation (56°C for 
30 min), a treatment which did not affect the size of specific zones, 
and this inactivation procedure was adopted routinely.
The reproducibility of both the disc and well methods in replicate 
tests was very good, variations greater than 2 mm rarely being exceeded.
In homologous fl. hyorhinis growth inhibition tests with certain strains, 
some antisera gave a small zone of growth enhancement close to the disc 
or well. This was more frequently observed using the disc technique, 
and there was no zone of inhibition outside the zone of enhancement. In 
the one case where a growth enhancement zone occurred using the well 
method there was a surrounding zone of growth inhibition. The enhancement 
effect was reproducible with the majority of the antisera, but there were 
some which only produced this effect occasionally*
. DISCUSSION
The fact that nearly twice as many zones were obtained in homologous 
N* hyorhinis growth inhibition tests using the well method compared with 
the disc technique is not surprizing, since the well method used 5 times 
as much antiserum. However, Black (1973) used the same amount of anti­
serum in well and disc growth inhibition tests with ureaplasmas and 
showed that larger zones were produced by the well method. To explain this,
he suggested that whereas all the antiserum diffuses from a well, some 
antiserum is retained by filter paper discs. Therefore, in my tests, 
even if I had used the same volume of serum in the well and disc tests,
I would probably have found the well method more sensitive.
It would seem that the sensitivity or resistance of M. hyorhinis 
strains to the antisera against various M. hyorhinis strains depends 
very much on the sensitivity of the test employed, the well method being 
more sensitive than the disc technique. However, even using the well 
technique there were several M. hyorhinis strains which were relatively 
insensitive to antisera against some strains of.'M. hyorhinis. This 
supports the findings of Dinter and Taylor-Robinson (1969) who suggested 
that the differing sensitivity to antisera of f‘1. hyorhinis strains was 
probably due to differences in membrane structure. It seems very likely 
that the differences observed with M. hyorhinis in GI tests could be 
attributed to the fact that these organisms possess a variety of antigens 
on their membrane surfaces. Strains possessing different antigens would 
not produce zones of growth inhibition, and only when common antigens 
were shared between 2 strains would growth inhibition occur; the size of 
the GI zone would be dependant on the number of shared antigens.
Roberts (1971) observed zones of growth of the GDL strain of 
H. hyorhinis between the disc and the zone of inhibition with all 5 
H.. hyorhinis antisera examined. In the present study, this phenomenon 
was only observed in the well technique when the 495(2) strain of
hyorhinis was tested against antiserum to the 495 strain of N. hyorhinis. 
However, in several instances using the disc method a zone of enhanced 
growth occurred, usually without any evidence of inhibition. It is possible 
that the enhancement occurred because there was a sub-optimal serum 
concentration in the agar which was supplemented around the discs and wells 
by antisera. If this were the case one would have expected to see more
enhancement using the well method, since it employed 5 times ao much anti­
serum than the disc technique. However, it could be that the relatively 
small amount of antiserum from the disc enhanced the growth of certain 
PU hyorhinis strains, but the larger amounts from the wells did not#
All the antisera which gave zones of enhancement using the disc technique 
gave zones greater than or equal to 4 mm using the well method, which 
would suggest that the enhancement was a specific reaction. It would, 
however, have been interesting to see what effect different levels of 
serum in the agar medium had on the GI zones. Although the media used to 
culture PU hyorhinis contained boiled blood extract, it was only enriched 
with 10^ unheated horse serum. Playbe heat inactivation of this horse 
serum would have eliminated these zones of enhancement.
The specificity of the growth inhibition test observed in this 
study is in agreement with previous work. Although the growth of 
£.• Qranularum and PU suipneumoniae was inhibited by their homologous anti- 
sera, only one strain was examined, and therefore differences similar to 
those found betweenPU hyorhinis strains cannot.be ruled out. It would 
seem, however, from these results, that there is little heterogeneity 
detectable by growth inhibition within the species PU hyosynoviae.
The non-specific growth inhibition observed with uninactivated 
rabbit sera in the well growth inhibition test is in agreement with the 
findings of Roberts (1971). He observed that when filter paper discs 
were placed on agar plates seeded with PI# hyorhinis, and fresh rabbit 
serum was dropped onto the disc, so that the serum spread over the surface 
of the agar in the region of the disc, a 1 — 2 mm zone of inhibition 
occurred. As the non-specific inhibition did not occur when sera were
heat inactivated, it is likely to have been due to the presence of 
complement. This non-specific inhibition was probably not observed 
using the disc technique because agar is anti-complementary, the volume
of antiserum diffusing from the wells probably being sufficient to 
override this anti-complementary effect.
In spite of this fact that non-specific growth inhibition can 
occur using the well technique with uninactivated rabbit sera, there 
is no doubt that this method of growth inhibition is more sensitive 
for- typing PI. hyorhinis and PI. suipneumoniae strains than the disc 
technique.
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INTRODUCTION
The complement fixation test (CFT) was first used successfully 
in mycoplasmal studies by Campbell and Turner (1936) to characterize 
il* royc°ides subsp. mycoides. The next significant study was undertaken 
by Huijsmans-Evers and Ruys (1956) who compared several strains of 
JJU. salivarius (sic), M. hominis and M. fermentans by CF. However, their 
antisera against M. hominis strains gave the same titre with antigens 
prepared from M. hominis and M. salivarius, and the highest titre 
recorded was only 1/128.
It was not until 1959 that the test was used extensively, when 
Card attempted to classify mycoplasmas of human genital origin. She 
demonstrated that these mycoplasmas were closely related, but there were 
high cross-reactions with human oral mycoplasmas, and lower order cross- 
reactions with j^. pulmonis, A., laidlawii and 3 cattle isolates. The 
problem of these cross-reactions has continued to bedevil the CFT for the 
characterization of mycoplasmas. Indeed,high level cross-reactions have 
even been noted between species which by other tests are clearly dis­
similar. However, despite these difficulties, and the problem of 
producing antigens which were not anticomplementary (Card, 1959; Lemcke, 
1964; Taylor-Robinson, Canchola, Fox and Chanock, 1964; Leach, 1967; 
Boulanger and LfEcuyer, 1968; Tully and Razin, 1969) the test is regarded 
by many (Card, 1959; Taylor-Robinson, Somerson, Turner and Chanock, 1963; 
Taylor-Robinson et al., 1965b; Lemcke, 1964; Purcell et al., 1966c; 
Leach, 1967; DelGuidice et al., 1971; Forshaw and Fallon, 1972) to allow 
clear taxonomic distinctions to be made at the species level.
Several other workers (Taylor-Robinson et al., 1963, 1964, 1965b; 
DelGuidice jst al•, 1971) have since used the CFT to study mycoplasmas 
isolated from man, and generally they found that the test was species- 
specific, although cross-reactions between different species, sometimes 
with titres almost as high as the homologous system occurred.
Coriell, Fabrizio and Wilson (i960) compared mycoplasmas isolated 
from a variety of tissue cultures by CFT. However, there were high level 
cross—reactions between the strains, and the titres were generally too 
low to be significant.
One of the most thorough and extensive applications of the technique 
was by Lemcke (1964) who differentiated 82 mycoplasma strains of various 
origin. Later, Leach (1967) found the CFT very satisfactory for the 
classification of a number of bovine mycoplasmas, and more recently, 
Hollingdale and Lemcke (1970) used the test to examine the relationships 
between several strains of JM. hominis and demonstrated that they were 
indistinguishable. Forshaw and Fallon (1972) attempted a sub-species 
analysis of M. pulmonis using the same technique, but found that all the 
strains examined were indistinguishable, and in this they agreed with 
Hollingdale and Lemcke (1970) that CF was not suitable for sub-species 
differentiation. '
The studies of porcine mycoplasmas by CF have been fragmentary. 
Purcell et al. (1966c) examined 3 strains of fl. hyorhinis and one strain 
of A. qranularum by CF and found that the M. hyorhinis strains were 
closely related, but not related to A. qranularum. However, low level 
cross-reactions were found between M. pulmonis and M. hyorhinis.
Boulanger and L*Ecuyer (1968) reported that 2 strains of M. suipneumoniae 
(EP28 and EP29) were indistinguishable by CF, but another M. suipneumoniae 
strain (EP33), not compared with the other 2, was shown to be very closely 
related to a strain of M. hyorhinis (HH31). However, the antigens used 
for the immunization of rabbits and for the CF test were grown in the same 
medium, containing 20/S pig serum, and so the high non-specific cross- 
reactions observed were probably due to medium components. Roberts and 
Little (1970) also prepared antigens for the immunization of rabbits and 
for the CF test in the same medium, containing 20^ horse serum, and they
also found high level cross-reactions in CF tests with FU hyorhinis 
antiserum and JM. suipneumoniae antigen. Using gel diffusion, Roberts 
and Little showed that the cross-reaction was due to the adsorption 
of medium components by M. suipneumoniae and M. hyorhinis when grown 
in broth. In order to minimize non-specific cross-reactions between 
species, antigens for rabbit inoculation and for use in the CFT should 
not be grown in medium enriched with serum from the same species.
Roberts and Little (1970) also compared various M. suipneumoniae strains 
by CF and found them to be antigenically similar, although they presented 
no figures to support this.
Tully and Razin (1969) studied several acholeplasma strains by CF 
and noted a high one-way cross-reaction between A. qranularum and 
A_. laidlawii, which was in agreement with results using the fluorescent 
antibody technique and with the finding that their polyacrylamide electro­
phoretic patterns were very similar.
Barden and Prescott (1973) showed that the major antigenic CF 
component of PU hyorhinis was protein which they extracted from the 
supernatant of sonically treated organisms. Their results with CF and GI 
tests suggested that this serologically reactive protein was present in 
the cell membrane as well as in the soluble cell contents. Hollingdale 
and Lemcke (1970) showed that protein from the soluble cell contents of 
M. hominis was reactive in CF tests and Deeb and Kenny (1967) have shown 
that the major CF antigen of M. pulmonis is also protein.
In this study, several strains of 4 porcine mycoplasma species were
examined by CF.
'.MATERIALS'AND METHODS 
Preparation and Standardization of Mycoplasma Antigens
Antigens were prepared as described in the general materials and 
methods section, and the different strains were harvested after growth 
for various periods of time (table 6). These incubation times were 
generally longer than for polyacrylamide gel electrophoresis antigen 
production because Lemcke (1964) had observed that longer incubation 
for some mycoplasmas can yield antigens with less anticomplementary 
activity, and because much better yields of antigen were often obtained# 
Anticomplementary antigens were treated by the method reported by 
Taylor-Robinson et al. (1964)#
Each antigen was titrated with its homologous antiserum, as 
described by Bradstreet and Taylor (1962) to determine the optimal 
antigen concentration for use in routine CF tests#
Standardization of the CF test
Fresh unpreserved guinea-pig serum, stored at -70°C in 0,5 ml 
aliquots, was used as the source of complement and rabbit haemolytic 
serum was obtained from Uellcome Reagents and stored at 4°C. Veronal 
buffered saline (VBS) was obtained as a concentrated solution from 
Uellcome Reagents, and was stored at room temperature until required# 
Immediately before use it was diluted to normal strength with distilled 
water and stored at 4°C# Sheep cells preserved in Alsever*s solution 
(Uellcome Reagents) were centrifuged for 15 min at mark 6 on an MSE 
minor centrifuge, and washed 3 times with VBS, each time centrifuging 
as above# Finally, the cells were resuspended to 4/£ (v/v) in VBS and 
stored at 4°C# Antisera were prepared in rabbits as described in the 
general materials and methods section, and before use were inactivated 
at 56°C for 30 min# The tests were done in disposable flexible UHO 
trays (Gateway International).
TABLE 6
Times of harvest of broth cultures for complement 
fixation antigen production
SPECIES STRAIN TIRE IN DAYS
R# hyorhinis S218 ' 4
R* hyorhinis 499 4
R. hyorhinis 508 '4
R. hyorhinis 10130 4
R. hyorhinis 495 ■ 4 ■
R* hyorhinis RH31 5
R# hyorhinis 483 5
R# hyorhinis 495(1) 5
R« hyorhinis 495(2) 5
Re hyorhinis 495(3) 5
R# hyorhinis TR32 6
R« hyorhinis GDL 6
R« hyosynoviae R60 ' 2
R. hyosynoviae S16 4
R* hyosynoviae P45 4
A. qranularum 10128 1
R# suipneumoniae 10110 6
R* . suipneumoniae EP29 6
R. suipneumoniae 10127 6
The haemolytic serum and complement were titrated essentially
by the method of Bradstreet and Taylor (1962), but with some modifications#
Thus, an initial 1/30 dilution of complement was prepared by diluting
0#4 ml of complement with 11#6 ml of VBS, and sheep cells were sensitized
at 37°C for 30 min with haemolytic serum at dilutions of 1/100 to 1/3200.
In the CF test,doubling dilutions of inactivated antisera were
made in VBS, and 0,1 ml of each antiserum dilution was pipetted into
different wells in one row of a UJH0 tray. The appropriate antigen
dilution (0.1 ml) was added to each well, and 0.1 ml of freshly thawed
complement (diluted with VBS to contain 3 HC_n*) was added to each row
bu
of serum dilutions# The plates were covered and left at 4°C overnight#
The addition of sensitized sheep cells and subsequent incubation were 
as described by Bradstreet and Taylor (1962)# The end-point was read at 
50^ complement fixation#
Duplicate complement controls and antiserum controls were carried 
out for every complement fixation test. Complement controls were 
performed as described by Bradstreet and Taylor (1962), except that 3,2,1 
and % units of complement were used# To each control row of anti-
serum dilutions, 0.1 ml of VBS was added in place of the antigen and the 
complement fixation test was carried out as previously described.
Duplicate antigen controls were included in each test. These 
consisted of 0.1 ml of VBS, 0.1 ml of antigen and 0.1 ml of freshly 
thawed complement (3 HC^)# In these control tests, the addition of 
sensitized sheep cells and incubation was as previously described.
One unit of complement (HC5Q) is in that dilution which gives 50^ 
lysis at the optimal sensitizing concentration of the haemolytic serum.
RESULTS
The optimal dilution of CF antigen of all the mycoplasmas in this 
study was determined by a chequer-board titration with the homologous 
antiserum. However, some of the antigens were anticomplementary at the 
optimal dilution and had to be used at lower concentrations# Thus, 
strains TR32, 495(2), 483 and GDL (R. hyorhinis) were used at a twofold 
dilution, and the 508 strain of R. hyorhinis at a fourfold dilution 
above the optimum. Several attempts to remove the anticomplementary 
activity of these antigens were unsuccessful. In addition, some antisera 
were also anticomplementary, but none showed this effect above a dilution 
of 1/16.
The results of complement fixation tests on 18 porcine mycoplasma 
strains (table 7) show that the mycoplasmas could be distinguished at the 
species level although there were some cross-reactions.
R. suipneumoniae strains 10110 and EP29 appeared to be closely 
related (table 8), although the EP29 antiserum had a rather low titre 
(table 8). R. suipneumoniae (10110) antiserum had very high non-specific 
activity, and gave titres of >1/128 with all the other mycoplasma 
antigens tested. R. suipneumoniae (10127) was not included in this study 
because although several batches of antigen were prepared, they all had 
very low CF activity.
A. qranularum (10128) was shown to be unrelated to any of the other 
mycoplasmas (table 7) but had a homologous titre of 1/512 (table 8).
The 12 strains of R. hyorhinis appeared to be closely related 
(table 9). Thus, 88^ of heterologous R. hyorhinis antisera had no more 
than a fourfold difference in CF titre from the homologous antisera, and 
the largest difference between heterologous and homologous antiserum titres 
was sixteenfold (with RH3.1 antigen and 508 and GDL antisera). Antisera 
to 9 of the 12 M. hyorhinis strains gave higher titres with heterologous
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TABLE 8
Comparison of suipneumoniae and A. granularum 
by The Complement Fixation Test
A N T I G E N
RECIPROCAL C.F. TITRES OF ANTISERA TO:-
(1* suipneumoniae A* granularum
SPECIES STRAIN EP29 10128
M# suipneumoniae
10110 64 2
EP29
*
128 <2
A# granularum 10128 16 512
* homologous titres in italics
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than with homologous antigens. Cross-reactions with other species of 
porcine mycoplasmas were sometimes quite high (table 7). For instance, 
antiserum to the 10130 strain of H. hyorhinis gave considerable cross- 
reactions with all the JT. hyosynoviae antigens, and the titre with 
M. hyosynoviae (S16) antigen was the same as that with'PI. hyorhinis 
(F1H31) antigen.
ill* hyorhinis (499, 508 and GDL) antisera gave titres with antigens 
of the other species which were a quarter of the homologous titre, and 
(V hyorhinis (483) antiserum gave a titre which was half of the homologous 
'titre-uith.pl. hyosynoviae (S16) antigen. None of the cross-reactions 
between IV hyorhinis antisera and CF antigens of the other species was 
greater than the lowest specific M. hyorhinis antiserum titre, although 
several titres were the same with antisera to M. hyorhinis strains 10130,
508 and 483 (table 7).
The 3 strains of M. hyosynoviae appeared to be closely related 
(table 10) and there were only low level cross-reactions with PT. hyosynoviae 
antisera and antigens of the other species (table 7).
Evidence for relationship between 17 strains was obtained by the 
method of Ailing (1967) (table 11). On the null hypothesis, the 95/6 
confidence limits on the relatedness values were - 1.54 to + 1.54, which 
means that figures greater than ± 1.54 represent significant dissimilarities 
between strains and figures less than ± 1.54 represent similarities between 
strains.
M. hyorhinis. JM. suipneumoniae. A_. granularum and JV hyosynoviae 
were found to be dissimilar, and although the majority of H. hyorhinis 
strains were similar, there were significant dissimilarities between some 
strains (table 12). Of the similar strains, there was a range of values 
representing varying degrees of relatedness.
TABLE 10
Comparison of 3 fl. hyosynoviae strains by The 
Complement Fixation Test
ANTIGENS
RECIPROCAL CF TITRES OF ANTISERA TO STRAINS
P16Q P45 S16
M60 2048* 1024 1024
P45 * 1024 2048 512
S16 4096 512 4096
* homologous titres in italics

TABLE 12
Dissimilarities between strains of M. hyorhinis
STRAIN'. DISSIMILAR STRAINS SIMILAR STRAINS
r*iH3i 495, 495(2), 508 S218, TR32, 10130, 495(1), 
495(3), 499, 483, GDL
S218 10130, 495(1) MH31, TR32, 495, 495(2), 
495(3), 499, 508, 483, GDL
TR32 495, 508 S218, 10130, MH31, 495(1), 
495(2), 495(3), 483, 499, 
GDL
495 495(3), 508, 483 S218, MH31, 10130, 495(1), 
495(2), TR32, 499, GDL
495(2) GDL S218, MH31, 10130, 495, 
495(1), 495(3), 483, 499, 
508, TR32
The M60 and P45 strains of M. hyosynoviae were found to be 
similar, as were the M60 and S16 strains, but the P45 and S16 strains 
were found to be significantly dissimilar#
Very good reproducibility was obtained with.the complement 
fixation tests, and more than 70% of the titres were the same or one 
dilution different in 2 replicate tests. When titres with greater than 
twofold differences were obtained in 2 tests, the test was repeated 
until 2 titres with less than or equal to a twofold difference were 
achieved (where there was a difference in titre of twofold, the lower 
titre was given in tables 7 — 10)*
DISCUSSION
The observation in this study that statistical analysis of Cf 
results can reveal sub-species differences within hyorhinis and 
■M# hyosynoviae is a novel finding. Of the few studies in which porcine 
mycoplasmas have been studied by CF, the results have not been 
statistically analyzed, and of the studies involving non—porcine 
mycoplasmas, statistical analysis has only been used in the more recent 
work (Hollingdale and Lemcke, 1970; Forshaw and Fallon, 1972). Both of 
these studies employed the statistical method of Ailing (1967), used in 
this work, and both reported that sub-species differentiation was not 
possible using statistically analyzed CF results.
The fact that statistically significant sub-species differences 
were observed in this work is largely attributable to the fact that the 
95% confidence interval was so small. The confidence interval is 
determined largely by the error between replicate tests, which was very 
small in this study. However, the only other report of a 95/6 confidence 
interval for statistically analyzed CF results was by Hollingdale and 
Lemcke (1970), who reported a confidence interval of — 1.98 to + 1.98,
which compares favourably with the figures presented in my study.
Forshaw and Fallon (1972) did not present statistical data to support 
their statement that 11 strains of fl. pulmonis could not be differentiated 
at the sub-species level. However, antisera to many of the JM. pulmonis 
strains they tested showed an eightfold difference in CF titre from the 
homologous antiserum, and antisera to the strains of M. hyorhinis and 
II* hyosynoviae in my report only showed a difference in titre of 
sixteenfold, at the most, from the homologous antiserum. It is therefore 
likely that had a statistical analysis been made by Forshaw and Fallon 
(1972), differences within M. pulmonis may have been revealed, but 
without the complete data for replicate tests a retrospective statistical 
analysis is not possible, since the 95% confidence limits cannot be 
calculated.
Taylor-Robinson et al. (1965b) stated that antigens reacting with an 
antiserum to a titre which was one quarter of the homologous titre 
signified a distinct group, but Lemcke (1964) suggested that as the 
variation in titre could be as high as fourfold in replicate tests, at 
least eightfold differences between homologous and heterologous titres 
are required in the CF test to separate two mycoplasmas into different 
species.
Nine out of 12 M. hyorhinis antisera gave greater titres with 
heterologous rather than homologous strains, but a precedent for this 
result is reported elsewhere with other mycoplasma species (Lemcke, 1964; 
Clyde, 1964; Taylor-Robinson et al., 1963, 1964, 1965b),and in particular 
Forshaw and Fallon (1972) observed this phenomenon with 5 out of 11 
M. pulmonis strains tested.
The results presented here suggest that the complement fixation 
test is not suitable for use as the sole serological test for species 
identification because although no cross—reactions occurred between the
majority of species, some antisera (i.e. 483) gave titres which were 
as great in certain tests with antigens of other species as the 
homologous result. However, this degree of cross-reaction was rare, 
and by this test the majority of porcine strains could be allocated 
to a species.
The high level of cross-reactions between H. suipneumoniae (10110) 
antiserum and antigens of the other species,noted in this study,are in 
accord with previous findings (Boulanger and L*Ecuyer, 1968; Roberts 
and Little, 1970). Some of the inter-species cross-reactions noted also 
with certain other antisera were probably attributable to contamination 
of the antigens used for rabbit inoculation by medium components. This 
was especially likely with antigens used to produce antisera to M. sui— 
pneumoniae (10110),where a generally high level of cross-reactions with 
other antigens was apparent. The reason for this was that M. suipneumoniae 
(10110) was of necessity grown in horse serum medium, because it was not 
possible to adapt it successfully to rabbit serum medium. This may have 
caused the induction of rabbit anti-horse serum antibody, which would have 
reacted with horse serum adsorbed to the mycoplasma used as antigen in 
the CF test. However, an attempt to adsorb the anti-horse serum -globulins 
from JN. suipneumoniae (10110) antisera by adding freeze-dried horse serum, 
incubating at 37°C for 2 h, centrifuging the mixture (2,500 g, 30 min) 
and recovering the supernatant, did not significantly change the results 
obtained. Roberts and Little (1970) also grew M. suipneumoniae antigens 
for rabbit inoculation and CF tests in broth containing horse serum. In 
order to further analyse the specificity of the JM. suipneumoniae (10110) 
antiserum and other cross-reacting antisera used in my study, it would 
have been necessary to employ immunodiffusion.
All other antigens for rabbit inoculation, including the EP29 
strain of M. suipneumoniae (which grew poorly in' rabbit serum broth but
produced sufficient antigen for rabbit inoculation) were grown in 
broth containing rabbit serum in place of horse serum# Although 
Bradbury and Bordan (1971a and b, 1972) have shown that '^-globulins 
from serum become adsorbed to M. qallisepticum during broth culture, 
it is unlikely that the boiled blood extract (used for growing all of 
the antigens except M. suipneumoniae) induced specific antibody in 
rabbits, especially since the horse "^-globulins would have been 
denatured by boiling and since the BBX contained less than 1% protein.
The antigens werB all washed 3 times in A/BS before being inoculated into 
rabbits, and the greatest care was taken to avoid contamination by 
medium components in these antigen preparations. Nevertheless,some 
high cross-reactions remained (e.g. with M. hyorhinis 483, 499 and 508 
antisera) which could not reasonably be explained as being wholly due to 
medium contamination. It could be that these cross-reactions represent 
a true sharing of antigenic components.
Taylor-Robinson et al. (1963) and Lemcke (1964) investigated the 
extent to which media components contribute to cross-reactions. Lemcke 
found that a tryptic digest of horse meat broth induced a two to fourfold 
rise in titre over the pre-immunization sera against several mycoplasma 
antigens, but she failed to obtain antibody responses to yeast extract 
or deoxyribonucleic acid.
It could be that certain strains have a stronger predilection for 
adsorpt.ion of medium components onto their surfaces than other strains, 
or that certain strains cause more precipitation of media components than 
others. Another factor of possible significance was that the various 
antisera were produced at different times throughout the 3 year course of 
the investigation. Thus, several different batches of medium components 
were used, and some of these could have been more antigenic than others, 
or could have had a greater tendency to adsorb onto the mycoplasmal
surface. However, all the antigens used in the complement fixation 
tests were grown with the same batches of medium components*
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INTRODUCTION
The metabolic inhibition test (MIT) is one of the most sensitive 
serological techniques for studying mycoplasmas. The test is based on 
the observation that actively growing mycoplasmas metabolize certain 
substrates,producing a pH change which is visualized by adding a pH 
indicator to the culture medium. However, if mycoplasmas are inoculated 
into medium containing specific antiserum,then no metabolic activity 
takes place and in turn there is no change in pH. In the metabolic 
inhibition test,the specific activity of antiserum is determined by 
observing the degree of inhibition of metabolic activity of the organism 
at known serum dilutions. In addition, since the test is performed in 
microtitre plates, it is economical both as regards materials and labour
Inhibition of mycoplasmal growth in liquid medium by immune serum, 
which is related to metabolic inhibition (Purcell et al.t1967; Taylor- 
Robinson and Berry, 1969; Uoode and McMartin, 1973) was first observed 
with PI. mycoidss subsp. mycoides, using fresh convalescent blood from 
cattle infected with this mycoplasma (Priestley, 1952). Later, growth 
inhibition of M. hominis was demonstrated by incubating this organism 
in broth culture with dilutions of antiserum for various lengths of time 
and then subculturing this mixture to agar medium (Edward and Fitzgerald 
1954). However, this method of measuring inhibition is very laborious, 
and the inhibition of metabolic activity was subsequently found to be a 
simpler alternative to growth inhibition in liquid medium. Thus, Jensen 
(l964)»who was the first to use the metabolic inhibition test, showed 
that specific antiserum would inhibit the reduction of the colourless 
2,3,5-triphenyltetrazolium to the coloured formazan by M. pneumoniae. 
However, few mycoplasmas have this particular metabolic property, and 
therefore, other metabolic processes have been utilized in metabolic 
inhibition tests, for instance, the fermentation of glucose to acid
(Taylor-Robinson et al., 1966), the liberation of ammonia from arginine 
(Purcell et al., 1966a) and the degradation of urea by ureaplasmas 
(Purcell et al.. 1966b; Ford, 1967).
Taylor-Robinson et al. (1966) and Purcell £t al. (1966a and 1967) 
examined the parameters which could give rise to variable MIT results, 
and reported that antiserum titres were relatively unaffected by the 
size of inoculum in the test providing serum titres were recorded at a 
time when the pH of the medium in the control titration of the inoculum 
had just changed half a pH unit. Taylor-Robinson et al. (1966) noted 
that a heat—labile factor in horse serum was necessary for inhibition 
of growth of M. pneumoniae by specific antiserum. However, unheated 
guinea-pig serum alone inhibited the growth of 2 strains of PI. pneumoniae 
but did not affect the MI titre of specific antiserum,although it would 
seem that the effect of guinea-pig serum on the growth and specific MI 
titres of mycoplasmas varies with the species (or strain) being studied 
(Taylor-Robinson et al., 1966; Purcell et al., 1966a, 1967; Fallon and 
Jackson, 1967; Taylor-Robinson and Berry, 1969). Taylor-Robinson et al. 
(1966) also observed that heat inactivation did not affect the titre of 
antisera, but did eliminate non-specific titres obtained with pre-immune 
rabbit sera.
Taylor-Robinson and Berry (1969) investigated the effect of the 
age of M. qallisepticum culture used as inoculum in MI tests, and found 
that there was never a variation of more than fourfold in antiserum 
titres using inocula standardized to the same titre, but incubated for 
different times in broth.
Purcell et al. (1967) used the MI test to examine various mycoplasmas 
at the sub-species level. Four strains of M; hominis were compared, and
when the MI results were analyzed by the method of Ailing (1967), these 
strains were found to be serologically distinct from each other. Purcell
et al. (1967) also reported that although there were significant 
serological differences between certain strains of M. salivarium,the 
differences within this species were not as large as those between 
strains of M. hominis. They obtained similar results with M. orale 
types 1 and 2, and 12 ureaplasma strains were divided into 5 distinct 
serotypes by using statistically analyzed MI results. Taylor-Robinson 
and Berry (1969) observed that on the basis of differential MI titres,
9 strains of JT. qallisepticum could be divided into 3 distinct sub- 
types, however, they did not analyze their results statistically.
Forshaw and Fallon (1972) studied many strains of M. pulmonis by MI, 
and on the basis of differential titres within the species, they were 
able to group certain strains at the sub-species level. Statistical 
analysis of their results revealed that strains of M. pulmonis generally 
were more un-related to one another than they were related.
With regard to the characterization of porcine mycoplasmas$ 
various studies have provided some evidence for species differentiation, 
but there have been conflicting reports concerning sub-species analysis. 
Thus, while Purcell et al. (1967) showed that 4 strains of M. hyorhinis 
were very closely related using statistically analyzed MI results, Dinter 
and Taylor-Robinson (1969) reported that there were large differences in 
the MI titres using 6 strains of M. hyorhinis. although they made no 
attempt to analyze these results statistically. Goodwin et al. (1967) 
showed that M. hyopneumoniae (10127) and !M. suipneumoniae (T0110) were 
indistinguishable in the MI test, and Gois (1968) used the MI test to 
discriminate between M. hyorhinis and A^. granularum. However, the main 
criticism of this work is that very low titres were obtained, thus, the 
highest homologous M. hyorhinis titre was only 1/640, whereas Purcell 
et al. (1967), using the same technique, had obtained homologous FU hyo­
rhinis titres in excess of 1/300,000. Ross and Karmon (1970) found that
antiserum to the S16 strain of M. hyosynoviae gave MI titres ranging 
from 1/1280 to 1/10240 with 12 strains of M. hyosynoviae. However, 
titres of less than 1/10 were obtained in MI tests with 2 strains of 
M. hyorhinis and one strain of A. qranularum, and antiserum against 
ill* hyosynoviae (S16).
In the present study,19 porcine mycoplasma strains were examined 
by the metabolic inhibition test.
MATERIALS AND METHODS
The MI test was done in sterile U-form polystyrene microtitre 
plates (Sterilin Ltd). These were used throughout and were sealed with 
microtest II pressure sensitive film (Falcon Plastics). The micro- 
diluters (0.025 ml; Flow Laboratories Ltd) which were used routinely, 
were sterilized by flaming to a dull-red heat, and subsequently quenched 
in sterile distilled water. They were tested for capacity on a ”go-nogo" 
blotter, re-flamed briefly and stored in sterile tubes until required.
After use, the diluters were washed in 0.85^ saline and then in distilled 
water bsfore being sterilized again by flaming. The standard droppers 
(0.025 ml permanent pipettes; Flow Laboratories Ltd) were sterilized in 
boiling distilled water for 10 min and then stored in sterile tubes.
After use,these pipettes were re-sterilized for subsequent- use. The 
source of complement was pooled unpreserved guinea-pig serum stored at 
-70°C in 5 ml aliquots, and ths antisera, prepared in rabbits as described 
in the general materials and methods section,were inactivated at 56°C 
for 30 min before use.
Liquid media for the test were prepared as described in the general 
materials and methods section and were always used freshly prepared.
Where necessary, guinea-pig serum was added immediately before ths pH 
of the medium was adjusted. BBX broth at pH 7.8- was used for the titration 
and growth of M. hyorhinis and A. qranularum, and control broth for these
mycoplasmas was adjusted to pH 7,3. 8BX broth at pH 7.3 was used 
for the titration and growth of M. hyosynoviae. and control broth 
for fl. .hyosynoviae tests was adjusted to pH 7.8. My suipneumoniae 
was titrated and grown in DPB broth at pH 7.6 and the control broth 
was adjusted to pH 7.1.
Standardization of Cultures
The preparation of mycoplasma cultures has been described in the 
growth inhibition section. Duplicate twofold dilutions of broth cultures 
were prepared in the appropriate liquid medium. Two drops of each of 
these dilutions plus 6 drops of growth medium were added to a series of 
wells. Uninoculated control medium (8 drops) was added to other wells.
The plates were sealed with adhesive tape, incubated aerobically at 37°C 
and examined daily for colour change. Similar titrations were done in 
growth medium containing guinea-pig serum at 3 and 6% (v/v) and the 
highest concentration of guinea-pig serum was selected which would allow 
sufficient growth (table 13). Using this level of guinea-pig serum, the 
dilution o.f culture which gave a colour change equivalent to half a pH 
unit in 3 - 5 days, was selected for use in the MI test.
The Metabolic Inhibition Test
Essentially,the method of Taylor-Robinson et al. (1966) was adopted, 
but with slight modifications. Twofold dilutions of antiserum were 
prepared in liquid medium in the microtitre plate, leaving one drop of 
antiserum dilution in each well. Two drops of the standardized culture 
with 5 drops of growth medium were then placed in these wells. The 
following control wells were set up (a) 2 drops of standardized culture 
with 6 drops of growth medium (antigen control), and (b) 8 drops of control 
medium (medium control) adjusted for pH so that it differed by half a pH 
unit from the antigen control. The plate was sealed with adhesive tape, 
incubated aerobically at 37°C and examined several times a day. When the
TABLE 13
The Percentage of Guinea-pig Serum (Vol/Vol) used in HIT Fledium
SPECIES STRAIN
PERCENTAGE OF 
GUINEA-PIG SERUFI 
IN F1IT F1EDIUFI
FI. hyorhinis S218 6
FI. hyorhinis TR32 3
FI. hyorhinis 10130 3
FI. hyorhinis 495(3) 3 '
FI. hyorhinis 499 3
A. qranularum 10128 3
FI. hyosynoviae F160 2
FI. hyosynoviae P45 2
FI. hyosynoviae S16 2
FI, hyorhinis 508 1
FI. hyorhinis 495 1
FI. hyorhinis F1H31 1
FI. suipneumoniae 10110 0
FI. suipneumoniae EP29 0
FI. hyorhinis 495(1) 0
FI. hyorhinis 495(2) 0
pH of the antigen controls was the same as that in the medium controls, 
that is a change in pH of half a unit, then the highest dilution of 
antiserum which prevented this colour change was recorded as the MI 
titre of the antiserum. All antiserum titrations, medium and antigen 
controls were prepared in duplicate in each test, and in addition most 
tests were also performed in duplicate.
Those tests in which the antigen controls would have changed by 
more than half a pH unit if incubated at 37°C overnight were incubated 
at 32°C or room temperature until the following morning, when the plates 
were re-incubated at 37°C*
RESULTS
The effect of guinea-pig serum concentration on the MI titres of 
various antisera was investigated using M. hyorhinis (S218) antigen in 
medium containing no guinea-pig serum and guinea-pig serum at 6 and Z% 
(table 14). Guinea-pig serum did not significantly affect the antiserum 
titres, but its presence in MI tests was found to be useful, since it 
stabilized antiserum titres by preventing the rapid fall in titre which 
sometimes occurred on prolonged incubation.
The 3 strains of M. suipneumoniae were shown to be related by MIT 
(table 15), although antisera to strains 10110 and EP29 gave much lower 
titres with EP29 antigen than with 10110 antigen. _A. qranularum (10128) 
gave a homologous titre of 1/256 (table 15) which was unusually low for 
the MI test. Tests with A. qranularum antigen and antisera to the other 
18 mycoplasmas were unsatisfactory,because in the presence of high 
concentrations of antiserum,colour changes occurred before the antigen 
control well had changed by half a pH unit.
There was variation between the MI titres of the 12 M. hyorhinis 
strains (table 16), and paradoxically, most strains were inhibited to a 
greater extent by heterologous antisera. The 3 M. hyosynoviae strains
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TABLE 15
Comparison of M. suipneumoniae and A. granularum 
by The Metabolic Inhibition Test
RECIPROCAL MI TITRES 
OF ANTISERA TO:
. SPECIES ANTIGENS 10110 EP29 10127 10128
M. suipneumoniae 10110 65536* 16384 16384 2
M. suipneumoniae EP29 512 512 4096 4
M. suipneumoniae 10127 NT+ NT NT NT
A. qranularum 10128 UT++ UT UT 256
* Homologous titres in italics 
•+ NT = Not tested 
.++■ UT = Unsatisfactory test
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were shown to be very closely related by■HIT*although the titre of the 
P45 antiserum in tests with S16 antigen was somewhat lower than those 
obtained with tha other strains (table 17).
A summary of all the results of MI tests with the 19 porcine 
mycoplasma strains is shown in table 18. These results show that the 
MI test was species-specific,and that there were few cross-reactions 
between the species. Evidence for relationships between 13 strains was 
obtained by the method of Ailing (1967) (table 19). On the null 
hypothesis, the 95^ confidence limits on the relatedness values were 
£ 4.87, which means that figures greater than + 4.87 represent significant 
dissimilarities between strains and figures less than + 4.87 represent 
similarities between strains. As expected, M. suipneumoniae, M. hyorhinis 
and M. hyosynoviae were found to be dissimilar,and there were also 
dissimilarities between some M. hyorhinis strains (S218 and MH31; 495(3)
and S218; 508 and S218). Although the majority of M. hyorhinis strains
were found to be similar, there was a range of relatedness values showing 
that some strains were more closely related than others. The relatedness 
value for the P45 and S16 strains of M. hyosynoviae suggested that there 
were antigenic differences between these 2 strains, although the 
relatedness value fell just inside the confidence limits. The other 
M. hyosynoviae strains were found to be more closely related.
Relatedness values were not obtained for all strains because 
insufficient information was available for statistical analysis.
Of all the MI tests carried out,157 out of 304 titrations were done 
in quadruplicate and the rest were done in duplicate. The variation in 
serum titres in tests done on different days was analyzed statistically 
and found to be 1.49 in terms of log^ titre,that is to say between two and 
fourfold.
TABLE 17
Comparison of 3 strains of M. hyosynoviae by 
The Metabolic Inhibition Test
ANTIGEN
Reciprocal MI titres of antisera 
to strains
M60 P45 SI 6
M60 524288 * 524288 524288
P45 524288 524288 262144
SI 6 524288 8192 524288
•* Homologous titres in italics
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DISCUSSION
One of the most important aspects of the.MI test, is whether or 
not the antibody titre measured by this test is affected by some 
component of guinea-pig serum# The subject is fraught with real and 
apparent contradictions concerning such aspects as the capacity of 
guinea-pig serum to stabilize the end-point of the titre, to elevate 
or depress the titre, or to influence the growth of the organism in the 
test, with consequent alteration in the result. However, there is 
relatively little controversy about the capacity of guinea-pig serum to 
stabilize the end-point of a titre, and it was noted in the present study 
that without guinea-pig serum, the high titre end-points were transient 
and the titre subsequently fell by a factor of up to 32. This implied 
that the antibody may have been acting in 2 different ways. At low titre 
it merely blocked metabolism by interfering with the membrane transport 
system (Windsor, 1971) but at high titre, the antibody acted in 
conjunction with the complement component of guinea-pig serum, resulting 
in the destruction of the mycoplasmal cell (Tachibana, Hayflick and 
Rosenberg, 1970; Brunner, Razin, Kalica and Chanock, 1971).
Taylor-Robinson et al. (1966) and Forshaw and Fallon (1972) have 
also reported that the presence of guinea-pig serum had a stabilizing 
effect on MI titres, making the test very much easier to read. Forshaw 
and Fallon (1972) used between 3 and 6% guinea-pig serum in MI tests with 
M. pulmonis and recorded titres of up to 1/256,000, and Purcell et al. 
(1967) recorded MI titres with M. hyorhinis of up to 1/327,680, both of 
which are comparable with those reported in my study.
Guinea-pig serum has also been shown to have a different effect on 
the antiserum titres of different species of mycoplasma. For instance, 
Taylor-Robinson and Berry (1969) found that in MI tests with one strain 
of M. qallisepticum, using homologous antisera and antisera to 2 other
related strains, the titre of the homologous antiserum was enhanced 
by the presence of guinea-pig serum, while the titre of the second 
serum was depressed and the titre of the third serum was unaffected.
These effects were the same with all the antigens tested, which would 
suggest that guinea-pig serum affected the titre of only certain 
antisera, regardless of the antigen used. Gois et al. (1974) reported 
that the omission of guinea-pig serum resulted in lower MI titres, 
although they presented no experimental data to confirm this, but in 
the present study, guinea-pig serum was not found to affect the titres 
of the several M. hyorhinis strains tested, except that in its absence, 
the high values obtained were relatively transient.
Guinea-pig serum has also been found to inhibit the growth of 
certain mycoplasmas in liquid culture. Thus, Taylor-Robinson et al. 
(1966) showed that the growth of strains of-PI. pneumoniae. M. fermentans 
and M. pulmonis was inhibited by varying degrees by guinea-pig serum, 
and Purcell et al. (1966a) also observed similar growth inhibition using 
M. arthritidis and M. orale. Taylor-Robinson and Berry (1969) noted that 
5 out of 8 M. qallisepticum strains incubated in broth containing 10% 
guinea-pig serum showed a reduction in growth titre of one hundred fold 
or greater compared with cultures containing no guinea-pig serum. In 
contrast, guinea-pig serum heated at 56°C did not affect the growth titre 
of 2 out of 2 strains tested,although Purcell et al. (1966) showed that 
M. orale was inhibited equally by heated or unheated guinea-pig serum. 
This apparent contradiction makes interpretation difficult, and the 
confusion was compounded by Howard and Gourlay (1973) who reported that 
normal rabbit sera contained a factor that,in conjunction with a heat- 
labile factor in guinea-pig or foetal calf serum, prevented the growth of 
human but not bovine ureaplasmas, and they were unable to show whether or 
not this factor was in fact antibody.
In my study, 2 strains of M. suipneumoniae and 2 strains of 
M. hyorhinis would not grow in the presence of added guinea-pig serum#
Whilst it was possible that these strains were particularly sensitive 
to guinea-pig serum, it was in fact noticed that guinea-pig serum 
reduced the titre of most antigens to some extent.
Taylor-Robinson jet al. (1966) reported that in MI tests with some 
mycoplasma strains and their homologous antisera, high dilutions of 
antiserum inhibited colour change,whereas the lowest dilutions (those 
containing the highest concentration of antibody) did not. In the 
present study, this zoning phenomenon was noted in MI tests with jft. qranu- 
larum and heterologous antisera. A limited amount of breakthrough growth 
occurred with high concentrations of homologous antibody, but as the MI 
titre of this antiserum was much greater than heterologous sera titres, 
the zoning did not interfere with the reading of the test. Taylor- 
Robinson et al. (1966) suggested that the zoning phenomenon could be due* 
to the growth-stimulating effect of added serum, and this could well be so, 
since in this study, those wells containing high concentrations of antisera 
changed colour before the medium control well, thus making the test 
impossible to read. It would be interesting to perform MI tests with 
A. qranularum in medium containing varying levels of horse serum, or in 
medium supplemented with different amounts of normal rabbit serum to test 
this theory.
Comment is necessary on the low homologous]MI titre of A. qranularum 
(10128) recorded in the present study. In this respect, it is interesting 
to note that Ross and Karmon (1970) reported a homologous MI titre of 
1/320 for A. qranularum (10128) and yet they observed a homologous MI 
titre of 1/10,240 for M. hyosynoviae (S16). Similarly. Purcell et al. (1967) 
obtained a homologous MI titre of only 1/640 with A_. qranularum,and yet 
they obtained a homologous MI titre of 1/327,680 with PI. hyorhinis (10130).
The relatively low titre produced by A. qranularum antiserum could well 
be due to the fact that A. qranularum is a poor antigen.
Forshaw and Fallon (1972) noted that 4 out of 9 strains of 
M. pulmonis were inhibited to a greater extent by heterologous antisera. 
This was also noted for 2 out of 4 strains of M. hyorhinis tested by 
Purcell et al. (1967). although this phenomenon was not observed by 
Goi^ et al. (1974). In the present study, 8 out of 12 strains of M. hyo­
rhinis were inhibited to a greater extent by heterologous antisera, 
although the significance of this is not clear.
It is difficult to assess the significance of the relative titres 
obtained with different strains of the same species in serological tests, 
unless the results are analyzed statistically. Statistical analysis 
of MI titres has been used to examine the relationship between a number 
of mycoplasmas at the sub-species level. For instance, Hollingdale and 
Lemcke (1970) found intra-species differences among M. hominis strains, 
and Forshaw and Fallon (1972) found that most of the M. pulmonis strains 
they examined were serologically dissimilar. With regard to porcine 
mycoplasmas, it has been reported previously (Purcell et al., 1967;
Gois, Cerny and l/eznikova, 1970) that all the strains of M. hyorhinis 
studied by the MI test were identical or at least very closely related. 
However, in a study by Gois et al. (1974), using statistical analysis of 
MI titres, serological differences between 7 strains of M. hyorhinis
were demonstrated. Such differences were also found in the present study,
v
but it is difficult to compare these results with those of Gois et al. 
(1974) because different methods of statistical analysis were used. 
However, Purcell et al. (1967) failed to differentiate between 4 strains 
of M. hyorhinis,despite the fact that they used the same method of 
statistical analysis adopted in the present study.
The 9S% confidence interval is affected by the number of replicate 
tests, and in my study, because the number of replicate tests was taken 
as one (although most of the tests were performed in duplicate), the 
confidence interval was as large as + 4.87, and it is interesting to 
note that a similar interval(+ 4.73)was reported by Purcell et al. (1967). 
Had the confidence interval in my study been smaller, for instance,
+ 3.00, there would have been many more significantly unrelated M. hyo­
rhinis strains, which emphasizes the fact that the relatedness values 
obtained for the same strains by the same serological methods, but by 
different workers,are not strictly comparable unless the confidence 
intervals in the different studies are similar.
GENERAL DISCUSSION
The characterization of mycoplasmas has always presented certain 
peculiar problems, mainly because of the difficulties encountered in 
culturing them, but also because many tests, familiar and useful to 
bacteriologists,have proved insensitive or unsuitable when applied to 
mycoplasmas. For example, the morphological differentiation of 
mycoplasmas is very difficult and their biochemical activity, although 
quite varied, is very weak compared with that of many bacteria. These 
difficulties inhibited rational studies on mycoplasmas, and consequently, 
it was not until the early 1940*s that sufficient types were characterized 
for people to consider that another unique group of organisms existed.
A brief historical summary of the Mycoplasmatales illustrates the nature 
as well as the variety of problems experienced in their taxonomy.
Contagious bovine pleuropneumonia was recognized in Germany and 
Switzerland as a distinct disease as early as 1713 (Foster, 1934), but 
Pasteur was the first to recognize that the disease was probably caused 
by a microbe. The causative agent,now known as M. mycoides subsp. 
mycoides, was not in fact cultured in cell-free medium until 1898 (Nocard 
and Roux, 1898), however, at that time and for some time afterwards it 
was thought to be a virus because of its filterability. During the early 
1900*s several names were suggested for this organism, in particular 
Asterococcus mycoides (Borrel, Dujardin-Beaumetz, Deantet and Bouan,
1910) and Mycoplasma peripneumoniae (Nowak, 1929).
For 25 years after it was first cultured, the pleuropneumonia
✓ . . v»
organism remained unique, but in 1923 Bridre and Donatien isolated an 
organism with the same characteristic morphology from contagious agalactia 
of sheep. In the early 1930*s several other organisms, similar in 
characteristics to the 2 previous isolates, were recovered from dogs, 
sewage, compost, mice and rats (Shoetensack, 1934; Laidlaw and Elford,
1936; Seiffert, 1937; Findlay, Klieneberger, MacCallum and Mackenzie, 1938
Findlay, Mackenzie, MacCallum and klieneberger, 1939; Sabin, 1938;
Edward, 1940). It thus became clear that there was a group of organisms 
similar to the causative agent of contagious bovine pleuropneumonia, and 
this group became known as the pleuropneumonia-like organisms (PPLO).
Sabin (1941a) attempted to classify the PPLO strains known at that 
time and he suggested that they should be placed into a new class — 
Paramycetes — consisting of 2 families, one for the animal isolates and 
the other for the organisms recovered from sewage. He also placed the 
animal isolates into a number of genera according to the animal host from 
which they were isolated. However, this attempt at classification met 
with much criticism, and although Sabin modified his taxonomic scheme 
(1941b), it never came into general use.
In the next 15 years several new isolates were obtained, and they 
were grouped according to their biological and serological properties.
At that time, growth in cell-free medium with the production of pleo­
morphic structures, and the development of characteristic colonies on agar, 
were the principal biological criteria which were used to admit isolates 
to the PPLO group. Sabin (1941a) described these biological criteria in 
detail, but Dienes and Weinberger (1951) pointed out that this definition 
could be interpreted to include the L-phase variants of bacteria. These 
variants, principally because of their lack of cell wall, have certain 
characteristics such as pleomorphic morphology and peculiar colonial 
appearance in common with mycoplasmas. However, these 2 groups of 
organisms have since been shown to be quite distinct from one another on 
the basis of guanine plus cytosine ratios (Neimark, 1967; McGee, Rogul 
and Wittier, 1967) and by nucleic acid homology studies (McGee, Rogul, 
Falkow and Wittier, 1965; McGee et al.. 1967). Edward (1954) stated 
that a detailed description of morphology of the PPLO was not 
possible at that stage,since the microscopical appearances remained
controversial. However, he did give a detailed description of PPLO 
colonial morphology which differentiated them from the L-phase of 
bacteria and stressed the need for an internationally acceptable system 
of nomenclature.
In 1955, a statement by the Editorial Board of the International 
Bulletin of Bacteriological Nomenclature stated that although the first 
name given to the causative organism of infectious bovine pleuropneumonia 
was Asterococcus mycoides (Borrel et al., 1910), the generic name was 
illegitimate since it had already been used for a genus of algae, but 
the specific name "mycoides” was valid. They also pointed out that 
2 other proposed generic names - Cocco-bacillus and Micromyces - were 
illegitimate, and that the first legitimate name used was Mycoplasma 
(Nowak, 1929). However, because this name had never come into general 
use, the Board suggested that consideration should be given to Borrelomyces 
on the basis that it had received some acceptance.
Edward and Freundt (1956) suggested that Mycoplasma mycoides should 
be used to name the causative organism of contagious bovine pleuropneumonia, 
and they also suggested that only one genus should be established until 
more was known of the group. Edward and Freundt (1956) agreed with 
Turner (1935) and Sabin (1941a and b) that the genus Mycoplasma should be 
placed in a separate order, with the only family being named Mycoplasmataceae, 
and they suggested 2 names for the order — Mycoplasmatales and Mollicutes.
The name Mycoplasmatales was adopted in Bergey*s Manual of Determination 
Bacteriology (1957) and the group was placed among the Schizomycetes.
Tulasne and Brisou (1955) suggested another scheme of classification, but 
as they ignored the rules of priority in naming the type species, their 
system was unacceptable.
The number of established species of mycoplasma has continued to 
increase during the past few years, and the present nomenclature and
taxonomic scheme for these organisms has become established (Razin,
1973; Shepard et al., 1974; Freundt, 1974). All the mycoplasmas 
are members of the class Mollicutes (Eduard and Freundt, 1967), uhich 
includes all the procaryotes without cell walls. This class so far 
contains only one order, Mycoplasmatales, and 2 families,Mycoplasmataceae 
and Acholeplasmataceae. The family Mycoplasmataceae is divided into 2 
genera, Mycoplasma and Ureaplasma. The genus Mycoplasma includes the 
cholesterol-requiring species which do not hydrolyse urea,and the genus 
Ureaplasma contains those species which are capable of hydrolyzing urea.
The family Acholeplasmataceae, members of which do not require cholesterol 
for growth, contains so far a single genus, Acholeplasma. In addition to 
these,a group of organisms resembling the mycoplasmas in most character­
istics, but differing in that they have a helical shape, has recently 
been cultured from diseased plants and insects,and has been named 
Spiroplasma. Another group of microorganisms which seem to be less closely 
related to mycoplasmas though they, too, lack a cell wall, are thermophilic 
organisms isolated from coal refuse piles. These organisms grow best at 
55°C and at pH 2.0 and have been named Thermoplasma acidophilum. Their 
remarkable stability to lysis by osmotic shock, detergents and heat 
suggests an unusual membrane structure.
In the earlier studies,the assignment of isolates to the PPLO group 
relied heavily on biological properties such as morphology, colonial 
appearance, nutritional requirements and growth characteristics. However, 
Edward (1950) reported that some PPLO would ferment certain carbohydrates, 
resulting in the production of acid. Other useful reactions such as lysis 
of horse erythrocytes, liquefaction of gelatine, reduction of methylene 
blue and the effect of gassous environment on growth were also used to 
distinguish isolates (Edward, 1954; Freundt, 1958). Comprehensive studies 
were made by Aluotto, Wittier, Williams and Faber (1970) and Barber and
Fabricant (1971),who compared a number of species by a variety of 
biochemical techniques such as lysis of sheep and human erythrocytes, 
production of film on egg yolk agar, phosphatase activity, methylene 
blue and tetrazolium reduction, breakdown of arginine, and the ability 
to ferment a variety of carbohydrates. Such tests are very useful for 
the characterization of mycoplasmas, but the results tend to be 
variable unless great care is taken to standardize the cultural conditions. 
In general, biochemical tests are not as suitable as serology for the 
taxonomic study of mycoplasmas.
The first serological tests to be used in the study of the PPLO 
group were agglutination, precipitin and complement fixation reactions.
For instance, Klieneberger (1938, 1940) studied the agglutination reactions 
of a number of PPLO strains,and found that strains of the same species 
shared common antigens and that there were only occasional low level 
cross-reactions between different species. In 1954, Edward and Fitzgerald 
reported that specific antiserum could inhibit the growth of mycoplasmas 
on solid medium, and that the test was species-specific. Since that time, 
more sensitive serological techniques, such as indirect haemagglutination 
and metabolic inhibition, have been introduced and have allowed examination 
of mycoplasmas at the sub-species level.
In addition to serological tests, such sophisticated techniques as
polyacrylamide gel electrophoresis,and the analysis of nucleic acids by 
the determination r>fthe guanine plus cytosine ratio of the DNA and the 
determination of nucleic acid homologies, have been very successfully 
applied to the taxonomic study of mycoplasmas (Bones and Walker, 1963; 
Neimark and Pene, 1965; Reich et al., 1966a and b; Somerson et al.,
1966; McGee et al., 1967; Neimark, 1967, 1971; Bak and Black, 1968; 
Peterson and Pollock, 1.969; Pollock and Bonner, 1969). Good agreement 
has been observed between the nucleic acid homology technique (Reich et al.,
1966a and b; Somerson et al»t 1966). and the results of various 
serological tests (Nicol and Edward, 1953; Purcell et al.. 1966a), 
which indicates that serological tests probably reflect genetically 
determined differences between organisms. However, these nucleic 
acid techniques are difficult to perform and require specialized 
laboratory equipment. On the contrary, polyacrylamide gel electro­
phoresis is a relatively simple technique which has also been successfully 
used in the taxonomic study of mycoplasmas, an approach which has been 
discussed in section 2.
In 1972, The Subcommittee on the Taxonomy of The Mycoplasmatales 
proposed minimal standards for the descriptions of new species. They 
proposed that a variety of cultural, biochemical and serological data 
should be obtained for a new isolate before it is named,because there 
had been instances where new species had been named after only an 
incomplete study of their properties had been undertaken.
There have been many studies using biochemical and serological 
techniques to characterize mycoplasmas isolated from man (Taylor-Robinson 
et al.. 1963, 1964, 1965b, 1971; Hollingdale and Lemcke, 1970;
OelGuidice et al.. 1971), dogs (Edward and Fitzgerald, 1951; Armstrong 
and Yu, 1970; Rosendal, 1973a and b), chickens (Edward, 1950; Edward 
and Kanarek, 1960; Kelton and Van Roekel, 1963; Dierks, Newman and 
Pomeroy, 1967), cattle (Edward, 1950; Edward and Freundt, 1956; Leach, 
1967, 1973; Taylor-Robinson et al.. 1971; Al-Aubaidi and Fabricant,
1971), goats (Edward, 1953) rodents, (Edward and Freundt, 1956; Fallon 
and Backson, 1967; Deeb and Kenny, 1967; Forshaw, 1972; Forshaw and 
Fallon, 1972), coal refuse piles (Belly, Bohlool and Brock, 1973) and 
citrus plants (Bove et al.« 1973). One of the most comprehensive and 
thorough investigations of a group of mycoplasmas was by Leach (1967, 1973).
Hs examined 40 strains of 8 bovine mycoplasma serotypes, using the 
CF, MI and GI tests as well as a variety of biochemical tests. Further­
more, he studied their morphology, using the electron microscope, their 
filtration characteristics, and demonstrated that insofar as they did 
not revert to any bacterial form in media devoid of antibiotics,they 
uere not L-phase organisms.
The present project was principally undertaken to consolidate the
taxonomy of the porcine mycoplasmas,because at that time only limited
data was available. Previously, studies involving the examination of 
one species, or a comparison between 2 (Pinter, et al... 1965; Goodwin,
et al.. 1967; Boulanger and L*Ecuyer, 1968; Tully and Razin, 1968;
Dinter and Taylor-Robinson, 1969; Purcell, et al.« 1969; Roberts and
Little, 1970; Theodore, et al.. 1970; Ross and Karmon, 1970), had
been reported, but there were none in which a comprehensive comparison
of all the principal species had been done.
Representative type strains of all the recognized species, M. hyorhinis. 
A. qranularum. M. hyosynoviae and M. suipneumoniae were obtained,and 
subjected to examination by flat gel polyacrylamide electrophoresis, GI,
CFT, and MI. Also, attempts wers made to culture the more fastidious 
species M. suipneumoniae from swine lungs, and the failure to do so was 
disappointing. However, 3 strains of M. suipneumoniae. 2 of them type 
strains, were included in the study, and the isolation procedure yielded 
7 strains of M. hyorhinis which wsre useful to the study.
All th8 techniques used in this study have shown that the 20 porcine 
mycoplasmas can be grouped into 4 species,and there was some evidence in 
certain tests for sub-species differentiation, although the different tests 
have not shown agreement in differentiating between the 12 strains of 
H* hyorhinis. Analysis of the data on the basis of strain pairing showed 
(table 20), that of the 4 pairs of strains found'to be unrelated by GI,
TABLE 20
Relationship between strains of M. hyorhinis by GI. CF and MI
RELATIONSHIP BETWEEN STRAINS (R VALUE IN BRACKETS)
STRAINS GI CF MI
495(1) - S218 Unrelated * Unrelated (2*00) Related (2.00)
495(2) - TR32 Unrelated Related (0.50) Related (0.50)
495 - .495(1) Unrelated Related (0.00) Related (0.00)
495 - 483 Unrelated Unrelated (2.00) ND +
495 - MH31 Related Unrelated (3.00) Related (4.00)
495(2) - MH31 Related Unrelated (2.50) Related (1.50)
508 - MH31 Related Unrelated (2.50) Related (3.00)
10130 - S218 Related Unrelated (2.00) Related (3.00)
495 - TR32 Related Unrelated (3.50) Related (1.50)
508 - TR32 Related Unrelated (2.00) Related (3.00)
495(3) - 495 Related Unrelated (2.00) Related (1.50)
495 - 508 Related Unrelated (2.00) Related (0.50)
495(2) - GDL Related Unrelated (2.00) ND
S218 - MH31 Related Related (0.00) Unrelated (5.50)
495(3) - S218 Related Related (0.50) Unrelated (5.50)
508 - S218 Related Related (0.00) Unrelated (5.00)
* Those strains of M. hyorhinis which gave GI 
zones in reciprocal tests were taken to be 
related, and those strains which gave no 
zones were taken to be unrelated*
+  NOT
2 pairs were related in CF tests, and the 3 pairs tested by MI were all
shown to be related. Of the 11 pairs of strains found to be unrelated
in CF tests, the 9 tested by MI were found to be related and 9 out of 11
were found to be related by GI. Finally, all 3 pairs of strains which
were unrelated by MI,were related by CF and GI. A possible explanation
for some of these discordant results is found in the observations of
Barden and Prescott (1973), who showed that for M. hyorhinis. MI and GI
were associated with membrane antigens,while CF was associated with soluble
- *
as well as membrane antigens. Similar findings were noted previously for
ill* hominis bv Hollinqdale and Lemcke (1970). Thus, one would expect to
find differences between the results of CF and GI or MI tests, since
different antigens are involved. However, in the present study,there was
also an absence of close correlation between the results of GI and MI tests
with M. hyorhinis.
Although Purcell et al. (1967) showed that in experiments with
II* hominis. M. pneumoniae. M. fermentans and M. pulmonis in liquid medium,
MI correlated well with GI, there have been several reports of poor agreement
between MI and GI tests with M. hyorhinis (Purcell. 1967; Purcell, et al.,
1967; Hayflick and Stanbridge, 1967; Dinter and Taylor-Robinson, 1969).
All of them showed that M. hyorhinis antiserum inhibited the growth of only
some strains of M. hyorhinis in GI tests,although all the strains were
inhibited in the MI test. A similar finding was noted in my study.
If MI and GI are measuring the same antibody,one would expect to
see good agreement between the 2 tests, and it is interesting to note that 
y
Gois, et al. (1974) did find such agreement with 7 strains of M. hyorhinis. 
but it must be emphasized that they did not include those strains giving 
negative GI results. In my study, if those M. hyorhinis strains giving 
negative GI results are omitted,there is good correlation^between the 
remaining GI zones and their respective MI titres. It could be that in this
system MI and GI are measuring the same antibody (Abl) and there is 
another antibody (Ab2) which is only detected in MI tests. Thus, those 
M. hyorhinis strains with similar antigenic determinants for Ab1 system 
would give positive GI and MI results, but those strains with dissimilar 
antigenic determinants would give negative results. The hypothetical 
Ab2 antibodies might be made against another antigenic determinant,and 
only be reactive in MI. For this theory to be valid, at least all the 
strains giving negative GI results would have to have Ab2 determinants.
The relative differences in antiserum titre in GI and MI tests
could also be due to the fact that the 2 tests are performed differently,
the GI test in solid medium and the MI test in liquid medium. However,
this fact alone would not exclude the likelihood of at least a correlation
y
between the size of GI zone and MI titre. Gois et al. (1974) showed that 
latex agglutination (LA), GI and MI were all capable of differentiating 
M. hyorhinis at the sub-species level. However, they also showed, using 
statistical analysis, that these tests did not reveal the same sub-species 
differentiation, and this was especially marked with regard to the MI and 
LA tests.
Another factor contributing to differences between GI and MI tests 
might have been the influence of guinea-pig serum, especially the complement 
component. However, it is unlikely that complement is essential for the 
production of MI titres,since the 2 strains of M. hyorhinis (495(1) 
and 495(2)) grown with no complement in MI tests, produced positive MI 
results with various M. hyorhinis antisera. It must be noted that there 
is a possible source of complement in these tests in the unheated horse 
serum used in the medium. However, as this was stored at 4°C for some 
time before use, a treatment known to result in the inactivation of 
complement, the horse serum was an unlikely sourcerof complement. The 
presence of complement or some other heat-labile co-factor in unheated
horse serum cannot altogether be ruled out, since Taylor-Robinson et al* 
(1966) found that the ability of II* pneumoniae antiserum to inhibit the 
growth of its homologous organism was lost when the horse serum in the 
growth medium was heated at 56°C for one hour#
With regard to the GI test, it is very unlikely that complement 
is involved here,because agar is very anti-complementary* However,
Roberts and Pijoan (1971) obtained GI zones in the presence of fresh 
unheated horse serum,in tests with strains of M* hyorhinis which normally 
gave negative GI results,and they suggested that the horse serum provided 
a source of complement*
It is interesting to note,that although the four 495 N* hyorhinis 
isolates were indistinguishable by flat gel polyacrylamide electrophoresis, 
they were found to be dissimilar by GI and CF, and so it would seem that 
as they were all isolated from the same swine lung, several different 
serotypes of FJ. hyorhinis can exist together in the porcine respiratory 
tract* This is not improbable, since on several occasions,Edward and 
Fitzgerald (1951) isolated 2 canine species from the same throat or 
vaginal swab*
Flat gel polyacrylamide electrophoresis, in contrast to serological 
analysis, failed to differentiate between the 12 FT* hyorhinis strains* and 
the insensitivity of this test for sub-species differentiation was also 
noted by Gois et al* (1974) in their work with FI* hyorhinis* The flat 
gel polyacrylamide electrophoresis technique only analyses the monomeric 
proteins, and it is very likely that relatively minor changes in the amino 
acid or polypeptide composition of these proteins, or even alterations in 
the steric arrangement of the protein components,might be detectable 
serologically, depending on the sensitivity of the test employed, but would 
not be detectable by polyacrylamide gel electrophoresis*
In the present study, the most sensitive method for investigating 
sub-species differences within M. hyorhinis was CF* It was unfortunate 
that it was not possible to achieve better standardization of the MI test, 
because it is clear from the results presented here, that if better 
replication had been achieved, the 95^ confidence interval for this test 
would have been smaller, and there would have been more significantly 
unrelated M, hyorhinis strains*
With regard to M* hyosynoviae* the 3 strains tested were shown to 
be closely related by GI* However, the P45 and S16 strains were apparently 
dissimilar by both MI and CF tests, although only in the CF test was the 
relatedness value statistically significant* The electrophoretic patterns 
of P45 and S16 were slightly different, but so were the protein patterns 
of all 3 strains of M* hyosynoviae* These findings agree basically with 
those of Ross and Karmon (1970), who found that 12 strains of M* hyosynoviae 
were closely related by GI, immunodiffusion and polyacrylamide gel electro­
phoresis* However, in contrast to the results presented in the present 
study, Ross and Karmon (1970) reported that their 12 M* hyosynoviae strains 
were similar in MI tests, although they did not analyze their results 
statistically*
The results presented in this thesis suggest that flat gel poly­
acrylamide electrophoresis, CF and MI are equally as good for the 
characterization of mycoplasma species, and that intraspecies differentiation 
may be best achieved by CF and MI techniques* However, in order to 
demonstrate intraspecies differences, it is clear that a large number of 
strains must be examined, and it is important in such studies that as many 
tests as possible are used*
The differences which were apparent between strains of M. hyorhinis 
were not really sufficient for the species to be subdivided, nor were the 
somewhat smaller range of differences noted for'M, hyosynoviae strains*
All the techniques used in this study revealed differences at 
the sub-species level, although unfortunately, it proved difficult to 
correlate the strain differences found using the different tests. If 
the tests revealed different characteristics of the same organism, 
there would be good reason for a lack of such correlation. Furthermore 
it.is possible, of course, that none of the techniques were adequate to 
detect the truly significant differences between strains, if such exist 
and that we have not yet established the essential parameters by which 
mycoplasma strains can be meaningfully sub-grouped.
APPENDIX
Preparation of media constituents 
^r^iniiTe: a^20^ (ui/v) solution of L-arginine hydrochloride (Cambrian
Chemicals Ltd.) was prepared by dissolving 50 g of powder in 250 ml 
of distilled water. The solution was sterilized by autoclaving for 
10 min at 10 ¥5, and stored at 4°C.
Boiled Blood Extract: 200 ml of defibrinated horse blood (Wellcome
Reagents Ltd.) were poured into 350 ml of Difco PPL0 broth in a blood 
bottle, which was then half submerged in a boiling water bath and the 
contents of the bottle allowed to boil for 15 min. When the coagulum 
had cooled, it was centrifuged at 2,500 g for 1 h, and the supernatant 
was decanted and dispensed aseptically into 100 ml and 10 ml volumes 
and stored at -20°C.
Bovine Serum Albumin: a 7,5% (w/v) solution of bovine serum albumin
fraction V (Armour Pharmaceuticals Ltd.) was prepared in Earles 
balanced salt solution. This solution was membrane sterilized with a 
0.22yiu millipore filter and stored at 4°C.
Cysteine: a 1^ (w/v) solution of L-cysteine hydrochloride (B.D.H.
Biochemicals) was prepared in 200 ml of distilled water, sterilized by 
millipore filtration through a 0.22yj millipore filter, dispensed into 
2 ml volumes and stored at -20°C. Cysteine was always used when 
freshly thawed.
DNA: a 0.2^ (w/v) solution of deoxyribonucleic acid (sodium salt
from thymus gland; B.D.H. Biochemicals) was prepared in 100 ml of
fSc
distilled water, sterilized by autoclaving for 15 min at 15 sfcfe and 
stored at 4°C.
Glucose: a 20/& (w/v) solution of glucose (Tate and Lyle) was prepared
pSc
in distilled water, sterilized by autoclaving for 10 min at 10 ife", and 
stored at room temperature.
Hanks Balanced Salt Solutions 
Sodium chloride (AR)
Potassium chloride (AR')'
Potassium dihydrogen phosphate (AR)
Calcium chloride solution (2Q%)
Magnesium sulphate (AR)
Magnesium chloride (AR)
Disodium hydrogen phosphate anhydrous (AR)
Glucose BP
Phenol Red solution (1J£)
Distilled water
This solution was pre-steamed at 100°C for 15 min and then
. ■ . ■ ps£ .
autoclaved for 30 min at 5 and stored at 4 C,
Hartleys Digest Broth: single strength obtained from Wellcome
Reagents Ltd.
Ionaqar No. 2 in Difco PPLO Broth: 21 g of Difco PPLO broth was
dissolved in 1 litre of distilled water and 14.3 g of Oxoid ionagar 
no. 2 was added and dissolved by steaming. The agar was then dispensed 
into 60 ml volumes and stored at room temperature.
8.000 g 
0.400 g 
0.060 g 
0.700ml 
0.100 g 
0.100 g 
0.048 g
1.000 g
2.000 ml 
to 1 litre
Lactalbumin Hydrolysate: a 5% (w/v) solution of lactalbumin hydro­
lysate (Oxoid Ltd.) was prepared in Earles balanced salt solution, 
sterilized by autoclaving for 30 min at 5 and stored at room 
temperature.
Nicotinamide Adenine Dinucleotide (NAD): a i% (w/v) solution of NAD
(B.D.H. Biochemicals) was prepared in 100 ml of distilled water, 
sterilized by filtration through a 0.2^u millipore filter, dispensed 
into 2 ml volumes and stored at -20 C. NAD was always used when 
freshly thawed.
Oxoid Agar No. 3 in Difco PPLO Broth: this agar base was prepared 
exactly as ionagar no. 2, except that Oxoid agar no. 3 was substituted 
at 1.2^ (w/v) for Oxoid ionagar no. 2.
Penicillin: benzyl penicillin BP ('Solupen*; Dista Products Ltd.).
The contents of a 6 g bottle were dissolved in 7.5 ml of sterile
distilled water (to give 10 ml final volume), and 1 ml of this solution
4 /was added to 99 ml of sterile distilled water to give a 10 iu/ml stock 
solution. The solution was stored at 4°C for 3 weeks and then discarded 
if unused.
Phenol Red: 10 g of phenol red powder (B.D.H. Biochemicals) was
dissolved in 33.2 ml of IN sodium hydroxide. This was diluted to a 4%
(w/v) solution by adding it to 216.6 ml of distilled water and was then
p si
sterilized by autoclaving for 15 min at 15 and stored at room 
temperature. For use in media, this 4^ solution was diluted 1:10 with 
sterile distilled water to give a 0,4% solution.
Phosphate Buffered Saline:
Sodium chloride NaCl 8.00 g
Potassium chloride KC1 0.20 g
Disodium hydrogen phosphate anhyd. Na^HPO^ 1.15 g
Potassium dihydrogen phosphate KH^PO^ 0.20 g
Distilled water to 1 litre
This solution was prepared in 8 litre batches, pH adjusted 
to 7.2, filled into 500 ml volumes in blood bottles, auto— 
claved for 20 min at 15 ■te, and stored at room temperature.
PPLO Broth: the dried PPLO broth (Difco) was dissolved in distilled
water to give a 2.1^ (w/v) solution. It was dispensed into volumes 
ready for use, sterilized by autoclaving for 15 min at 15 ife, and 
stored at room temperature.
Thallous Acetate: a 20^ (w/v) solution of thallous acetate (B.D.H.
Biochemicals) was prepared by dissolving 200 g of thallous acetate 
powder in 1 litre of distilled water. This solution was sterilized by
?sl
autoclaving for 15 min at 15 ife, and stored at 4 C. A 1% stock solution 
was prepared by adding 5 ml to 95 ml sterile distilled water.
Tryptone Soya Broth: a Z% (w/v) solution of tryptone soya broth (Oxoid
Ltd.) was prepared in distilled water, sterilized by autoclaving at 
121°C for 30 min and stored at room temperature.
Yeast Extract: a 25^ (wet weight/volume) aqueous extract of slab bakers
yeast (United Yeast Co.) was prepared by making an even suspension of 
crumbled yeast in approximately a third of the final volume of
distilled water. This suspension was boiled for 30 min, and the 
remainder of the distilled water added* The yeast extract was 
clarified and sterilized by filtration and steaming at 100°C for 
15 min, and stored at 4°C*
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